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Sir, 

To you, as thoroughly acquaintod ^viih Cdiial Navigation, and as 
the strenuous supporter and deleuder of canal property, I beg to 
dedicate this pamphlet. 

The penMmal exertion, liberal spirit, and detonnination, which you 
have shown in einiininin^ the merits of ^ improvem^ts proposed in 
it, conyinoe me that I could not dedicate the result of mj laboun to 
one more capable of forminj; a correct judgment on the important facts 
elucidated, crone more willing and able to make au impartial and bene- 
ficial use of th^ than yourself. 

I am. Sir, 

Your most obedient Serrant, 

JOHN MACNEILL. 

Strand, May, 1833. 
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:INTRODUCTION. 



The remits which I have airiTed at by experimeiits are so much at 
variance with generally received theoretical deductions, that it is mrith 
much diffidence I -submit these pages to the consideration of the public, 

and to those more iiuinediately concerned in Inland Navigation. The 
following- observations are made with a hope that those discrepancies 
between theory and practice may tend to a more rigid adherence to 
experimental inquiries in otha* branches of practiGal science, but espe- 
cially, that they may lead to a more varied and extensive series of 
experiments to ascertain the best fbrm of boats, not only at the cost of 
public companies, \vlio.-,e canal yiroperty may well demand it,, but also 
at the expense of government, who lay out large sums in steam navi- 
gation ; for I trust it is clearly shown, that very great alterations 
and improvements may be made in the models of all ships and boats 
which are not impelled by the wind, and that passengers and light 
goods may be carried by canals at a velocity hitherto supposed to be 
impracticable. 
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ON THE RESISTANCE OF WATER 



TO tUB 

PASSAGE OF BOATS UPON CANALS, 

4«* 



The laws which regulate the resistance and impulse of fluids, arc involved in 
such obscurity, that candid investigator* of this bianch of science, are compelled 
to confess, tbat the diasertations of the physieo^mathematiciaii have fiuled in 
utility, and that even tlie deductions of the logician have been almost altogether 

inefiectuaL The assumptions of the former, from which propositions have been 
deducfd, and theories given out, are, at best, founded only on an hypothesij? ; the 
reasonings of the latter, rest upon limited experience, and in some cases ill observed 
phenomena. And there is, probably, no branch of science which has so much 
engrossed the attention of the philosopher, and from whicb so little practical 
good has resulted. 

That such is the fact, and tbat the farther the subject has been investigated, 
the more difficulties have been met with, if not always acknowledged, few can 
venture to deny. 

If, in his zeal for information, the inquirer of the present day searches the 
shelves of pbilosophy, his labour will terminate in tbe settled conviction, that 
this branch of science is but yet in its infancy : even, although illustrated by the 
novel alcrobraical calculus, and the beautiful results derived from it by French 
ingenuity. A long' course of patient experiment will alone warrant the adoption 
of forniulnp; for, as yet, as far && regards the mere resistance of the Huid, the 
practical application of the laws founded by the mathematician, has failed iu 
producing any form which will rival the skiff c( the Indian, the canoe of the 
Esquimaui, or the junk of the Chinese. 

These observations apply to all boats and ships impelled by any other force 
than the wind ; and tliis must not be forgotten, whilst we proceed to examine 
one particular department, viz. Canal navigation. Every body moving in, or upon 
the water, it will be seen, is under similar laws; and although the following re- 
sults apply particularly to canal boats, they nevertheless are applicable to every 
other body which has to make its course by water. 
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The object immedifttely in view, when we place a boat or barge upon water, 
is a good coDveyanoe for persona and property. So ia it when we place a wheded 

carriage upon a gravelled road, or a sledge upon snow* The difference, however* 
in the modes of attainini^ this object, luts been most striking'. In each of these 
cases, tile body to be moved, has been rested on soft or yielding matter, and whilst, 
in the two latter cases, no mechanician would provide for the wheels of the 
carriage, or the mmen of the aledgc^ « 6ciU^ far cutting bIcd^ imQersed in 
the softer matter under them, the boat builder seems to have studied how be 
oontd best keep his vessel ploughing her way. The case may be different with 
sea-going vessels, which are impelled by the action of a wind " on the beam," 
and ships of war, with their decks loaded with weij^hty guns : in such cases it 
IS necessary that the vessel be a u;ood deal immersed. Nor can it be satisfac- 
torily shown that even aea-goiug ships would not be improved by such a build as 
would enable them to rise to the surface of the water. But, to porsue our reductio 
ad oiutrAm ; there are many cases iti navigation where a sharp ** cnt-wnter*' 
shape to a boat, would be as unphilosophical as a knife-edged felloe would be to a 
wheel intended for ploughed land. A cart-wheel will, on o-ravel or other yielding 
matter, sink to the determined line of gravitation with as mucii certainty as will 
a boat upon water; and a boat resting in water will (according to 1^ vidocity 
given to it, and the form of its prow and bottom) rise nearar the snHace of the 
water, as well as a cart-wheel will rise, when put rapidly into motion. The dif- 
ference of density ia, no doubt, much greater in one case than in the other ; but 
the water will resist the penetration of the boat in the same manner, 
though not in the same flegree, as the soft gravel, or mould, resistii the wheel. 
Notwithstanding a conclusion so obvious to those who know the laws uf 
gravitation and the propertiw of matter — so easily caknlated by every one 
who understands any thing of the combination of ferocs ;* we find it has been 
neglected, in order to determine what law regulates the movement of a body im- 
aaersed to the same depth, at all vcloeitips. 

At a time when it was generally held, that the resistance to a vessel m the 
water iucreased in the duplicate ratio of the velocity of the vessel through the 
water, the now keenly contested merits of rail-way transport^ and canal transport, 
were brought under public discussion. Experiments ware institttled in order to 

* We find a good illustratioa a[ tbui rensl&noe in " A Winter ia Lapland aod Swaden, by Artbor 
de Capell Brooker, 1727, " p. 338.— <*Tb« ml snperiarity of die aUetAmc » efaidly alwwn whm ibe 
aneigy halt after a long iRMeb. Wbaicrer precaution may then be taken, tbey are in constant dmgcr 
frwi troops which have no occasion for path or roi^, and traverse witb indiffiimice marshes, lakes, riven, 
and mountmuf. Etcq in those parts, where the iee ia tto fi»eUe to beer ibe weigbt of « man, the »kie> 
ISbMv sVdee aalel/ over by ibe men njUily of bisaMtioik 



Digitized by Google 



3 



eonfinn this kw of rasirtanee, bat it occurred to none of the eacperUnentalisti t1iat» 

although they could not increase the density of the water, or harden it, m hat 
been done with roads for carriages, that they could still increase tlie relative re- 
sistance of water, by giving the boat such velocity that her prow could not pene- 
trate fast enough, and thus that she should rise out of the fluid. They might 
have reasoned, by a perfectly fair analogy between conveyance on land or on 
now, and convoTanoe on water, and have legitimately concluded that, at their 
object was not to cut through gravel, but to get on it, in the one case, so at high 
velocities in the other, they should not have endeavoured only to cut tlirou<Th 
the water, but also to raise the boat to the surface, and make her skim thereon. 

Such factii are obvious to all, who have seen a boy make a thin stone skim 
the enr&ce of a lake, — who have watched the action of a cannon ball on the 
smooth eea^-^who have felt the difficulty of making any iroprewion upon the 
stream forced from the small apperture of a fire-engine hose-pipe, — or, indeed, 
who know any thing of the properties of matter ; but tiiey had never been applied to 
the purposes of navigation, until it oomrred to Mr. Houston, ol Johnstone Castle, 
to try the effect of a light gig-shaped boat upon a canal ; and it is very sur- 
prising that the roost strenuous advocates for the adoption of such boats, still 
rcgect the above htu, as inrdevant. It matters not whether the water be fimsed 
against the object, or the object be forced against the water. 

In the month of June, 1830, Mr. Houston succeeded in having a light, longi 
and sliallow wrought-iron canal boat, established upon the Ardrossnn canal, in 
Scotlaud, between Pat&leyand Glast^ow. Since that period, such boats have con- 
tinued to run regularly, conveyuig about sixty pajssengers a distance of " twelve 
miles, at a rate of eight miles an hour, stoppages induded.** Succeeding im- 
provements in the construction of the boat, as well as in the nKNfo of workmg 
the horses, enable us to state the above as a minimum of performance. In the 
Appendix (A) will be found a specification of one of such boats, and Plates III. 
iV. and V. show their form and dimensions. The following quotation from the 
advertisement^ the truth of which is well authenticated, shews the cheap rate of 
conveyance. 

Distance. I Cabin. Steerage. 

" Fare between Glasgow and Paisley . . 8 miles. dd. 6d. 

Ditto Glasgow and Johnstone . . 12 12 9 

Ditto Paisley and Johnstone . . 1 4 5 3 

Intermediate distance as in the way-bill . 

" The boats, at times, carry twelve liundred passengers in one day ; and during 
eif^ht months of last year, (1S32,) notwitlistanding the prevalence of cholera, 
they conveyed one hundred and twenty-six thousand passcngerS| which is at the 
rate of fifteen thousand seven hundred and fifty, mmthly.'* 
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Mr. ThomaB Gnihani^ in his " Letter to Canal Proprietors and TraderB,** aays 
" The experiments of great velocity have been tried and proved 6/2 the narrowest, 
shallowest^ and most curved Canal in Scotland, viz. the Ardrbssan or Paisley Canal, 
connecting the city of Glasgow with the town of Paisley and village of Johnstone, 
a distance of twelve miles." The result has disproved every previous theory as to 
difficulty and expense of attaining great velocity on canals ; and as to the danger 
or damage to die banks of canals by great velocity in moving vessek along them. 

" The ordinaty speed for the conveyance of (Huaengers on the Ardrossan canal, 
has for nearly two years been Jrtm nine to ten miles an hour, and although there 
are fourteen joarnics along the canal per dmft at this rapid speed, the banks of the 
canal have sustained no injiin/. • • • • • The boats are formed seventy 
feet in length, about live feet six inches broad, and, but for the extreme narrow- 
ness of the canal, might be made broader. They carry easily from seventy to 
eighty passengers, and when required, can, and have carried, upwards of one 
hundred and ten passengers. The entire cost of a boat, and 6ttiaga np^ is about 
£125. The hulls are formed of light iron plates and ribs, and the covering is of 
wood and liclit oiled clotli. Tiu-y arc more airy, lipfht, and comfortahh? than any 
coach. They permit the paiisengers to move about from the outer to the inner 
cabin, and the fares per mile are one penny in the firsts and three farthings m the 
secom^ cabin. The pOMaa^ers are all carried under covert having the privilege 
also of an uncovered space. These boats are drawn b;, t . » horses (the prices of 
which may be from £50 to £60 per pair) in stages of four miles in Icntjth, which 
are done in from twenty-two to twenty-live minutes, inchKlin<>; stoppages to let 
out and take in passengers, each set of horses doing three or four stages alter- 
nalely each day. In fact; the boats are drawn through this narrow and shallow 
canal, at a velocity wh^ many <Mlebrated mgineers had tkamstrated, and wkkk 
the ptiSUc betieoed, to be tapomUeJ' 

Mr. Grahame then proceeds malting; apparent his want of confidence in rail- 
ways — "The entire amount of the whole expenses of attendants and horses, and 
of running one of these boats four trips of twelve miles each (the length of the 
canal) or forty-eight miles daily, including interest on the capital, and twenty per 
cent, laid aside annually for replacement of the boats, or loss on the capital 
therein invested, and a conudeiable sum laid aside for accidents and replacement 
of the horses, is £700 some odd shillinirs, or taking the number of workinrr thiys 
to be three iiuiidred and twelve annually, somcthinir under £2. l.v. 3(1. per day, or 
about eleven-pence per mile. The actual cost of carryiug ironi eighty to one 
hundred persons, a distance of thirty miles (the length of the Liverpool railway) 
at a velocity of nearly ten miles an hoiuv on the Paisley Canal, one of the most 
curved, narrow, and shallow canals in Britain, is therefore just £1. 7«.6tf. sterling. 
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Such are focts, tnd incredible as they muj upptar, liiej are ftcts wliidk no 

one who enquires can possibly doubt." 

The following is a statement I am enabled to publish, sbowing- the gross ex- 
pense of running^old heavy boats on the Paisley canal at tho rate ot" four miles per 
hour, aud ucw light boats, ou the same canal, at the rate of tea miles per hour, 
and the comparative expense permile; also the number of passengm carried 
before and after the introduction of the high and cheap speeds. 





laao.* 


183Lt 


\m4 


Speed ten boon, 

>luniber o( jMuweiigers carried . 
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10 


10 


32831 




148516 


Number of miles run each day 


48 


varying 


162 


Gro>s ex]uiis.t' in year 


. 700.4».7</. 


13ieV.17t.6d. 


2181.6*. lid. 


CoH per mile, yiar taken at 312 days 


lid. 




1 lOid. 


* Tlit'sc cLargeij are the bare outlays. 








f These charffes include loss on purchase and nle of addhleiiM] 1 


onB9| Mid ten 


per cent oo eott 


of bone^t boats ; deposited in a contingent fund. 







The power of coaveyaoce, thus established ou the Paisley Canal, may be 
judged of from tJie ftct, that on the 3l8t of December, 1832, and 31st January, 
1833, thore were conv^ed in diese boats nearly two thousand five hundred pas^ 
sei^era. 

The number of passengers continue to increase. The number carried in April, 
1833 was twen^ thousand, or at the rate of two hundred and forty thounnd 

yearly. 

It does, therefore, appear surprising, that Caual owners iu particular, 
whose property was daily becoming leas valuable in the share market, by the 
alleged supefiority of rail-way omveyances, should have been so blind or supine 

as to allow nearly three years to pass over, witliout making vigorous ^orts 
to follow the successful example ; but it is not the less true that they were, 
and indeed arc still, so — although, if the system be a good one, and practicable, 
and lucrative, as to me it appears undoubtedly to be, they could not have hit 
. upon a more happy arrangement for keeping up their dividends, and for improving 
dieir property to a greater extent than it has arrived at, sbce the commencement 
of canal navigation in England. In many situations throughout the kingdmn, 
where the (piick transit of passenfjers, and even ofliy;ht goods, was of consequence, 
it would not only enable the canal companies to compete with existing turnpike 
roads, but also to supersede the necessity for rail-ways lor general purposes. 

We must suppose that canal proprietors did not credit the various reports 
in circulation as to the speed at which the boats were drawn upon the Paisley 
canal; the ease with which horses performed their work; and the small surge 

c 
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produced on tlie sides of the canal. But even suppOMng, llumy of these re- 
ports to be cxno;g^cratcd, and that false conclusions wero come to by those who 
witnessed the performance, the <i:reat points of speed and economy were esta- 
blished to the satisfaction of many inquirers. Had the facts been known to canal 
proprietors, we should have expected the institution of a series of experiments, 
long ere this, for ascertaraing^ the actual fesistanoe of boats at high -velocitiea and 
tinder every variety of circumstance, as well as the best form of boat suited to 
these velocities ; the height of the wave or surge, as well as its character and 
ciTects; and many other important features which were now for the first time 
exhibited. 

It is most unaccountable why canal companies did nothing to determine such ; 
and it is to be hoped they may now be induced to institute extensive experiments. 
The few experiments which are detailed in the following pages, though made 
with as mudi Bccanef as eireimistances would admit, and though they are 
conclusive on some points, are by no means as extensive and varied as the 
importance of the subject demands. The scale of expenses was so exceedingly 
limited that they could not be carried farther, and others of still greater import- 
ance have not, hi conseqnence, been undertake, and remain yet to be made. 

The energy and inquiring habits of Mr. Telford would not let such a practically 
useful inquiryi mnain dormant He therefore directed me to make some pre- 
liminary experiments \ipon a small scale, and to his liberality we are indebted for 
the first series, whicii were made entirely at his expense, in the National (iallery 
of Practical Science in Adelaide Street; where the arrangements of the room 
woe so admirable, and the accommodatbn, which the managers of the Galleiy 
always gave for uninterrupted e:Kperiment during three weeks, was such,* that the 
most accurate results were ohtahied 00 a limited sheet of water. 



Plate (I.) represents the plan and elevation of the reservoir of water in the 
National Gallery of Practical Science in Adelaide Street, with the apparatus 
which was fitted up by Mr. Saxton for the purpose of making the experiments. 
The straight part of the reservoir is seventy feet long, and four feet wide, witli 
upright sides. Hie wheel and axle, B & ^, were of exodl^it workmanship; the 

* Emy gmtlonii vbowitnMHed ilwe^riincnU, and saw the fieiliUes with which the Committer 
and their manager, Mr. Payne, ga»-e, agrees with me in bearing teniimony to ihelibcnil ;iiul ]>liiloM)j)hi( ;il 
apiiit with which we were aided, lliey not only allowed a lar;ge portion of the (iallery to be set apart, 
iikl pat dwawalTCi ta cMuiilBnbk iiioan*<iiienee|1nit ffdtnd tbe free idniiMioo of allfMnoaiiiiterctldl 
OT tMiaoag HI me d^mminli. 
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axle, on wUch the weight acted, was of hard wood, three and a half inches in 

diameter, and the wheel on which the line that pulled the hoats was coiled, 
waii ot brass, thirteen inches in diameter ; tlu* p.xis on wliich the wheel and axle 
turned was of polished steel, halt' an inch m diameter, working in brass. The 
pulley or slieeve F,/, which was attached to the tin box or can, C&e, which 
held the weights, was of brass, two and a half inches in diameter, and its axis 
was of steel, with conical points work in <r in brass. The line used for the weight 
was of cat-gnt, one-eighth of an inch in diameter, and the lines used for pulling 
the boats were in some of the experiments of silk, in others hemp, varying; in 
thickness from one-fortieth to one-twentieth of an inch in diameter. The tension 
of die line in each experiment, or the force, which was exerted on the boat by a 
giyen weight, placed in the bucket C&<^ was not determined by calculations, 
but practically and accurately ascertained, not only by a spring dial placed on the 
line, as at /", but also by an accurate beam and scales, furnished by Mr. Simms ; 
l)y whicli means any mistake or inaccuracy in estimatinLT the tjuantity of j)o\ver, 
was efl'ectually prevented. The boat is seen at (a, «,) as she appeared in her 
passage from one end of the straight canal to the other ; the moving power being 
the weight in the bucket (C & c) 

In making some preparatory experiments it was found that a considerable 
space was necessary to he passed over by the boats, from the point of starting, 
before diey acquired ;i imifonn velocity. It was, therefore, found necessary to 
limit the distance, over winch the uniform motion was measured, to a space of 
fifty feet, and consequently, great accuracy was necessary in determining the 
time of the boat's transit over so short a space. I tiierefore applied to my friends, 
Messrs. Arnold and Dent, the celebrated chronometer makers, in the Strand, who, 
with that liberality which usually accompanies science, not only furnished me 
with chronometers, but Mr. Dent himself more than once assisted in measurin<2^ 
the time, and comparing it with that observed by Mr. TumbuU and Mr. Bourns, 
whose accurate and careful observations have contributed so much to the success 
of these experiments. 

Occasionally tw(^ and sometimes three chronometers were used, placed, as 
at (//, h,) on brackets, screwed to the aide of the reservoir, at the commencement, 
and at the end of the measured space. 

Close to tliese chronometers, and exactly nt fifty feet apart,* two brass wires 
were stretched across the reservoir, at eight inches above the surface of the water; 
by means of which wires, the observers could determme the exact instant of time 

* Id nMMt of ibew vxpmamaa this diiimca «u ndiK«d to Ably itst, wm (hewn on the "goieral 
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that the bow of the boat came under them, as tliey were slightly touched by a 
slender piece of brass wire rising perpendicularly from the stem of the boat. 

In some of the first experiments it was found extremely troublesome to ascer- 
tain the exact int»val of time of the boats passing between the wires, in conse- 
quence of the ehronometen having different rates of going; bnt, this difiicaltjr 
was obviated by a suggestion of Mr. Cubitt, who proposed tha^ after a certain 
number of experiments, the place of the ehronometen ahoold be changed, and 
the experiments repeated. This effectually obviated the difficulty, and enabled 
us to get the time with great precision. In the latter experiment^, only one chro- 
nometer was used ; it was placed on the bracket at the first wire, and a line was 
brought from the second wire, along the side of the reservoir, up to the point : by 
whidk means the observer, holding the line in his hand, leoid keeping his fingn 
on the wire next him, was enabled to ascertain by tiie touch, the. passage of the 
boat under each wire, and the exact time interveninig between each wire, by 
counting the number of beats of the chronometer. These experiments were fre- 
quently repeated, and the times noted by diderent observers, without commu- 
nicating the results to each other imtil each series nas completed, after which 
iSksf were ccxnpared, and the mean time taken. 

In making the experiments, the line was made fast to the stem of the boat, 
which was then drawn to the farther end of the reservoir; the required weight 
was put in the bucket, and on a signal being given, the bout was tli-r ntraged and 
drawn by the weight in the bucket to the opposite end of the reservoir, where it 
was stopped by a bag of cork shavings (/). In some of these experiments an 
additional weight was allowed to act on the boat for the first twenty feet, in order 
to get up the velodty; then it was cut off, and the boat went on with the unifonn 
vdocity ; this was accomplished by putting a ring of lead (j,) weighing twenty 
pounds, on the top of the bucket holflinir the weights, and makijin- tliis ring fast 
bv four lines to the upper frame work, these lines being of sulhcient length to 
allow the ring to act on the bucket, and to descend with it through a given 
space. 
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TABLE 1. 



Exptrtmenu vtade vfUh Sg^oftut modOt m the Oeet water in the Nathiial Gal- 
knf ^Practical SDuaee, Adektide Street^ Jbr the purpote ^ OKtrtamag the 
tarn of remtanoe etfwot of traction at ^Jertnt veheitie§. 
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ArdrooMii boat4iadaL 
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Length 5 fe«t. 
Dreadtb iU watprlinn 4 in. 
Depth l-.> irich.»!<. 

Oaptii imlnened 0'& ia. 



It will be obnerred in the above tables, tliat as tbe velocity was increased, the 
power did not require to be increased in any thing like the duplicate ratio, and 
that the difference shown in the above column, betwixt the theory of the duplicate 

ratio, and actual experiment, becomes greater, as the velocity is incre;ised. I 
select from these exptTimcnt.^ the followiinj- instances. They axe not taken 
from the meaua, but from the items of tbe experiments themselves. 



At « velocity of 2.763 miles per hour I. lb.uiwittiRd,or .1^ UMivtliaa ifaetheoiyof ibeiquare. 
. . '. . . MSt . . . . 3.IM lb. . . . .Old „' cUtiff. 

At a vvliK-ilj^ uf d.382 uiil«» |H»r hiuur 3. lt>6 \h.i» rc«|uired, or .043 mttre than the theory of the square. 
10.765 .... 9J863 Ibw . . . 3.369 /en ditto. 

At « velocity of 6.392 mile* per hour 3,166 lb. i* required, or 1.832 leu tbkii the theory of the square. 
. . . . 13.784 .... ll.SI71b. . . . 6.930 „ ditto. 



I call attention particularly to these individual experiments^ in order that, the 
wide deviation may be noticed, and serve to shake the confidence, still entertained 
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by tlie ailiiereuts of tlie old school, who caunot allow that a high velocity is 
attainable apon canals with economy. Not that I comider the old law of the 
squares to be incorrectly stated ; in so far as the boat remains immersed in the 
water to the same water-line, that law may be correct, — ^but that whenever Ae 

velocity of the boat is increased beyond a certain point, as will be seen here- 
after, the boat emerges a little out of the water, and skims nearer the surface. 
The transverse section of immersion being lessened. This will be proved as we 
pffoceed. 



Such facts being obtained and found to differ so widely from the opinions of 
philosophers, it was exceedingly desirable that tliey should not go fortli to the 
public, without the fullest confirmation. Happily for science, Colonel Page, 
Cbainnan of the Kennett and Avon Canal Company, to whose exertions aiiid 
liberality it is entirely owing, bdueed the principal canal companies in England* 
to subscribe towards paying the expenses of an extended course of experiments 
with a large boat. I accordingly proceeded to Scotland, and purchased one of 
the Paisley Canal Company'^ cjuick boats, *' the Swallow," which we afterwards 
named the " Grahanie and Houston," in compliment to the two gentlemen who 
have been so eminently sncoessfal in improving the canal conveyance of Scot- 
land. Indeed, Mr. Giahame's letters on the subject of canal nav^iation will 
furnish the most satiafiustory reason why we should have used his name ibr die 
boat. 

With this boat the results exhibit* d m the following tables (II. III. IV.) were 
obtained on the Paddington Canaif opposite Uolsden Green. The important 
effects, whldi they are calculated to produce, in the minds of the unprejudiced, 
not only upon inland navigation, but to nautical science in ^neral, have detei^ 
mined me to publish them jn the fullest manner, giving every particular oonneeted 
with their arrangement, as well as the names of tho!?e scientific gentlemen who 
assisted me, together with the names of the assistant.s from ray own office. So 
that the most ample evidence of accuracy and care may be had. For more 
advantage will be d«ived by accurate trains of experiments than will follow from 
the assumptions of a mathematical century. 

The first requisite was a good dynamometer for measuring the tractive force 
necessary to move the boat at various velocitir-, and as 1 showed a marked pre- 
ference for my own, with which i had obtained such important results during 

• Hie Omul Jnnctko, die KemiMtaad Avw, the Ave ud CiUnr,tbB OsM* end ibe I<eeds itid 
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my surveys of roads for the ptrliamentary commissioners, I fhall give a deacrip* 
tion of it, in order that readers may be satisfir r] ■^nrli preference was justly o:iven. 

The dynamometer or pirametcr. T originally intended tor meusurinti;' the 
draught of carriages on turnpike roads, and for this purpose 1 have used it very 
eztettrively upder the Parliamentary Commintonen for the London and Holyhead 
road and elsewhere. The following is a description of the instrument, and in the 
Appendix (B.) will be found the opinions of comp^nt judges upon its merits. 
When I at first endeavoured to adapt Marriot's spring" weig'hing machine, so as to 
ascertain from it, the amount of the horses drau[rht, the stepping' motion of the 
horse created a quick succession of vibrations, which completely prevented any 
one from reading off the Bgures indicated-— and this CMifiui«i of Tibralioas will 
always prevent the simple adoption of any species of spring weighing machine. 
To remedy this inconvenience, and do away with the vibrations as much as was 
necessary, I applied a piston, uc-kin-ir in a cylinder full of oil, and connected with 
the spring in such a manner tiiat when any power or force is applied to it so as 
to make the hand traverse the index, the piston is at the same time moved through 
the fluid. The connection of the spring and index with the cylinder, is by means 
of a lever working on a pivot : the arms of the lever are of unequal lei^h ; the 
tail-piece of the spring and index is connected with the short arm ; at the 
tremity of the long arm, the piston rod is connected; the piston rod, after passing 
through a stuffing box in the cap of the cylinder, is screwed into a piston, or cir- 
cular plate of thin brass, perforated with small holes ; and out of one part of the 
circumference a square notch is cut, the use of which will be seen below. 

By this construction, the resistance of the fluid to the pistm, which acte at the 
extremity of the long arm of the lever, prevents the sudden jerks of the horse 
from being marked with those vibrations on the index, so much to be avoided ; at 
the same time the piston will move over a space proportioned to the intensity of 
the force exerted by the horse, atid the same will be indicated accordingly upon 
the dial of the instrament ; if the pulls follow each other in rapid succession, the 
piston will move slowly out, and the hand upon the index will turn round steadily 
and uniformly, until the power is balanced by the spring. 

The dial is graduated in pounds, and decreases from Zero upwards, in order 
to compensate for the increased force, which the sprinj^' exerts in proportion as it 
s wound up; in consequence of this the index does not pass over equal spaces 
when equal forces are applied in different states of tension of the spring ; the pis- 
ton, therefore, will not pass through equal spaces in the cylinder, and the vibra- 
tions would consequently be greata in the higher numbers, bei»use the velocity 
of the piston beiog less, the resistance to the piston, in passing the fluid will be 
less, at the same time the power opposed to it is greater. To obviate this, and 
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to make the index equally steady on all parts of tlic dial, a narrow slip of brass 
formed into ati inclined plane, is soldered to the inside of the cylinder, parallel 
to its axis, the largest (or highest) part of this inclined plane, being at that end 
of the cyUnder, towavdt which the piston rnes when the index moves towards the 
greater power. The notch, which is said above to be cut in the circumference of 
the plate, (which traverses like a piston in this (^Itnder,) corresponds in size exactly 
with the larn-est part of this inrlined plane; so that Trhcn the piston is at the 
upper end of the eylinder. the notch is onTiplr'tely tilled up by the inclined plane; 
on the contrary, when the piston is at ti»e lower end of the cylinder, the aperture 
is completely opened. By this contrivance the qiertare, through which the flaid 
is obl^ped to pass, as the piston moves from the lower end of the cylinder to the 
higher, is gradually contracted, and of course the resistance to the passage of the 
piston throuijh the fluid is gradually increased, and thus compensates the increased 
power of the spring; rendering the vibrations nearly uniform tioni the lowest 
to the bigest power. This compensation is similar to that by which the fusee 
regulates and gives uniform power to the main-spring of a watch. 

This instrument* was placed in the door-way of the firont cabin, (which is 
about fourteen feet from the stem of the boat,) and in a line with the ordinary 
tu2;cTin<2; hook ; secured with wooden braces and screw nails in such manner as to 
be perfectly firm and steady. In some instances the towing line was made fast to 
the weighing-bar of the dynamometer, and the power communicated directly to 
it. In other cases the towing-line was made fast to a shackle on an iron lever, 
the fulcrum of which was the screw-bolt which made the bar Inst to the gunwale 
of the boat, on the bow nearest the towing-path ; the power bdng communicated 
from the lever to the dynamometer by means of another shackle ; this last 
mentioned sh.acklc being" precisely twice the distance from the fulcrum. By 
this arrangement we were enabled to bring either the whole tractive force to be 
indicated on the dial-plate at once, or only one half that power, as we pleased,^* 
by merely shifting from one p<»ition to the other. 

I considered this arrangement to be advisable^ lest by any chance there should 
have heen an error in the graduation of the dynamometer. To prove its accuracy, 
we repeated most of the experiments with and without the lever. If when the 
power was communicated to the weighing bar of the dynamometer, the instrument 
indicated the whole traetioci to be one hundred pounds, and if when the pomtr 
vras conrniunicated to the other shachl^ the instrument indicated only 6fiy pounds, 

* In t1l« modlGcation of this instrument which I have now mounted in a light donble-bodied phsion, 
the dial-plaie is fitted, not only with an bdex and hand, but also with a card Tor determining the bear' 
ins;; & pcndiiliiiii svliirh sliimvi, by means of an index and hand, tlic ii)clinaiion ; a tilM*piSMi and 
index and hand to show die distance tiaTcUcd by the wheels. — 8e« Appendix B. 
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we were wamated in ooncludbg that, as far as this experiment waa concerned, 

the dynamometer was accurate. Now tliis I had done on numerous occasions, to 
prevent the possibility of error; and in order to be more perfectly assured, I re- 
peatedly employed weights, suspended over a pulley, to check the dynamometer. 

In making the obeemtione widi the dynamomfter, every caie waa taken to 
have aecuftcy. Mr» Wkitwell kindly anisted me in all theae obsenrations. 
He took the time with an excellent watch, having a detached second hand, with a 
dead beat ; which enabled him to give a signal very accurately at intervals of two 
seconds. At these signals the power of traction indicated by the dynamometer 
was read off silently and distinctly by two gentlemen, whose names are at the 
head of Aeir reipectiTe copies. Each of thoe gentlemen added the oheervations 
together, tuid took die meana of each aet 

Whilst these observations were making at the fore-sheets of the boat, the 
times of the boat's pass^pe were noted a little farther aft, by Mr. Turnbull and 
Mr, Dnndas, who had each an excellent chronometer (from Arnold and Dents.) 
The word " time" was given by Mr. Wil&ou, when the boat passed the stakes 
whidi had prevkntaly been driven in the embankment at distaneca of one 
hundred yards apart By this means the observers of the time bad never 
occasion to lift their qres from the chronometei^ except to note down the obser- 
vations. 

Besides the gentlemen making these observations, I was always assisted by 
others ; but more especially by Mr. Alexander Gordon and Mr. Saxton, both of 
whom being ao wdl qualified, from their practical and scientific acquirements, 
for such n series of experimenti, contributed veiy materially to fHrevent enors 
from taking place, by a general view ov^ each department. 

Plate 2, represents five transverse sections of the Paddinirton canal, opposite 
the village of Holsden (Jreen, beginning at bridge No. 6, and proceeding westward ; 
the soundings and measurements having been taken by Mr. Bourns and Mr. 
INunbuU ; upon which part of the canal the fbilowing experiments were made. 

Plate 3, shows the dimeosions and general appearance <^ tiie iron boat, " Gra« 
heme and Houston," with which all the following experiments were made. In 
Appendix A will be found a specificatum of the manner in which these boats are 
built. 
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TABLE II. 

Experiments made with tlie " Grahame and Houston " Iron Boat, on t/ic PadiHngton Canal, 
for the purpose of asccrtaini/ig the law of resUtance, or force of traction at dijj'erent degrees 
tf Velociiy. 9th April, 1833, 
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TABLE III. 

Experments made wUh the " Graham and Houston Iron Boat, on the PMlgUm Oinal, 
for the purpose of ascertaining the law of reuHmux, or force of trocUM, at diffennt 
degrees of velocity. 9/A April, 1838. 16 Pauengers. 
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TABLE IV. 

Ewperimenls made with the Gruhamc ami Houston^ Iron Boat on the Paddington Canals 
for the purpose of ascertaining the law of mifiMce* or force of tnuAm, at dijferaa 
degreet of Vehdik»,—I7ih April, 1833. 
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TABLE lY.— Continued. 
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It will be seen by the above tables that the results which have been obtained 
witii the several boats are very different from those which might have been expected, 
supposing the resistance to them when passing the water to hate been governed by 
the samelawg which goreni a uniform sur&ce moved through the water with different 
d^rees of vdodty; but, the fonnuln which are applicable to bodies presentmg 
always the same cross section to the resistance of the fluid, are by no means 
applicable to bodies whicli at high velocities are raised considerably out of the 
water, and therefore present a less cross section to the action of the resisting 
medium. From this circumstance it will at once be seen that diese experiments 
have little or no connexion or similarity with those made by Mr. Walker, or Mr. 
Palmer;*^ or with those of the celebrated French mathematicians, Bossut and Con- 
dercet ; except in the lower velocities, between one and a half and three and a 
half miles an hour. Within the range of these velocities, or even up to four 
and a half miles an hour, tlic light boat is not, or, at least, is very imperceptibly 
raised out of the water ; and the consequence is, that in these cases, the results 
may be said to i^ree veiy nearly with those piemusly made; Aat is, within 
those limits the power necessary to propel the boat, appears to increase as the 
square of the velocity : and, as might be expected, a similar coincidence tales 
place in the higher velocities if the standard of comparison be changed ; that is, if 
instead of comparing the resistance at two and a half miles an hour, with the 
resistance at ten miles an hour, we alter the standard, and compare the resistance 
at mne miles an hour, with the resistance at ten miles an hour, or any other two 
conaecutlTe numben which express the velocity in miles per hour ;<^upposing the 
resbtance to vary as the square of the velocity. For, in these cases, the same 
cross section of the boat, or very nearly the same cross section, is acted upon by 
the tluid. But, if on the contrary, we compare the resistance at two and a half 
miles an hour with the resistance at ten miles au hour, — on the same supposition, 
that the resistance increases as the square of the velocity, we find that the role 
does not hold good, and that a much less powar will be required to draw the boat 
through the water, than by theory would seem to be necessary ; and this is easily 
accounted for, by the boat's rising out of tlie water according to the velocity she 
moves with. Another boat of different form, dmiensions, and weight, might, under 
similar circumstances, have risen much more or much less, out of the water ; in 
either of which cases, the reristanoe at ten miles an hour, as compared with that 
at two miles an hour, would have been found very different from the results we 
obtained. From this, it is evident, that no formulae founded on the theory of the 
squares, or any other index of the velocity, can be depended on for calculating the 
actual power necessary to pull a boat through the water at ditlerent velocities, 
using one standard of comparison, unless the form, dimensions, and weight of the 
boat be considered, and enter as a function into the calculation. 



* 8m Appendix C. 
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Those pbilosopliers who contend for the laws as already propounded, have 
generally aastiiiMMl ihat the actioa of way portion is the same, as if tiiat portion 
woe a distinct one, and completely detached from the rest, and exposed to the 
fluid in the same angle. Now, we see in every day occurrence a calm qwb 
where the contigfnoiis and surroundini^ objects are agitated by a brec7.f> ; and we 
can no more venture to calculate, with certainty, the impulse of a flui!l upon a 
body immersed in it, in the maimer theorists would lead us to do, than we could ven- 
ture tocalcnlata upon the intensity of the permanently elastie fltttdi in the above 
fhmiliar case, htxag the same in the calm spot» that it is on sorromidbg objects. 
In cases where the angle of resistance is perpendicular to every part of the 
transverse section of the body immersed — cases which we can imag'ine, we may 
venture to calculate in such a manner, without a very erroneous conclusion ; but 
in almost every case of resistance of iiuids which we have to do with, the action 
or resmtanee trf the fluid upon one spot, is modified by the action or resistance 
of the fluid upon another spot. The lattw is deflected, porhaps, and the consequent 
stream confom^ the former. But even setting aside this difficulty, another 
immediately presents itself to the disciples of the old school ; for let any one who 
has been intluenced by the laws formerly promulgated, examine the above tables, 
and he will at once see the fallacies as to horse power, which they expose. Now, 
we have had horses dmng work, for which they have again and again been 
pronounced unfit Up<m the proper estimation of horse power, depends, very 
much, the comparative cost of rail-road and canal conveyance. In the two standard 
works of Wood and Tredt^old on railways, this subject is discussed, and formulae 
given for asccrtainin;^ the force which a horse can exert at a given velocity but both 
appearto be very defective in certain cases, and arc founded on alimitcd number of ex- 
periments at low velocities. Mr. Wood supposes the force which a horse can exert, 
224 

to be equal to ~^=f> that for every velocity above three miles an hour, five 

per cent should be deducted from the force given by the formultt. Mr Tredgold 

takes the formulm m(^^^=p, in which he supposes i»*260 lbs., and v, 

the greatest velocity which a horse can exert when unloaded. There are 
objections to both ihese formnlm, whidi on another occasion I will notice. 
It is sufficient now to state, that by Mr. Wood^s formuhe, and according to bis 

table, page 458, where he gives a comparison between the effects of horse power 
when drawing on canals and railways, that it would require one hundred and 
ninety-three horses to draw four hundred and eighty tons over onr mile in a day, 
at the rate of ten miles an hour, or 2*4 tons over one mile, by one horse. And 
Mr. Tredgold, in his table, page 1G9, states that the u-sefnl effect whidi aborae 

H 
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can produce in one day, at the vdoeity of ten miles an honr, is 6*6 tons. Now 

dte avera^ number of passengers carried in the light boats between Glasgow 
and Johnston, maybe fairly taken at forty-five, or about three tons; and the 
boats are drawn hy two liorses, at the full velocity of ten miles an hour, the 
horses travelling twelve miles a day, at four different intervals of time : this is 
equivalent to diiity-six tons, drawn over one nfle by two horses, or eigfateeen 
torn by one horse each day; and this they are enabled to do without injovy, 
alAough Mr. Wood states 2'4 tons, and Mr. Tredgold 6*6 tons» aa the work of a 
horse under similar circumstances. All calculations, therefore, which have been 
hitherto made as to the relative value of canal and rail road conveyance, founded 
upon these formulis, — which furnish results so different from practical experience, 
— are totally fallacious and inaccurate. 



As there was no reason to doubt the accuracy of the law, that the resistance 
increased as the squares of the vdocity, when the transvose section immeiMd 
remained the same, we wm now enabled to oome to the conclusion, that the 
boat emerged so much from the water as to account for the difference shown 
in the tables, between the power of traction required in experiment, and the 
calculation of the squares of the velocity. In orrlrr, therefore, to determine 
this matter satisfactorily, it was advisable to make it matter of accurate experi- 
ment. The bow of the boat had been observed to rise higher out of the water 
as we increased the vdocity, and it was seen that the boat tubsided to its fimner 
levd, as the velocity decreased. In order to see whether this elevaf inn at the bow, 
observed by Mr. Gordon, in the course of the experiments. Tables II. III. IV. was 
not accompanied by a correspond ins? depression at the stem, Mr. Saxton constructed 
a pendulum,* which he suspended above the centre part of the floor of the boat 
When tlie boat was started, the pendnlnm indicated at first a rise at the bow, 
and a depression of the stern, bat in a short time, when the boat was fairly under 
wdgh, the pendulum indicated a more even keel, whilst the rise of the bow out 
of Ae water remained the same.f Thus it was satisfactorily proved that the bow 
emerged first, and the stem emeroped immediately afterwards. Hence it was in- 
ferred that the surge or wave, beiug proportionate to the water displaced by the 
boat, would not increase with the veloci^ of the boat This was ailcrwards 
proved,— see Table V. 

* A pendulum is now used in most of ibe Scotch canal boau, so as to prevent tbc boats from 
heeling, to keep tbem propeiljr tiiniDied anil ibiit to mm die bones Ubonr. 

t Tbis pcndnlam wm oAcnnidi iraaovcd, «id a spirit lerd uaed in Hi pIsM. 
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WheD ft whale is harpooned, and swims off at a Tdoci^ of fwentjr-five or 
thirty miles an hour, it is usual with the whale b<wts to rise at the bow so much 

that six feet of the keel may be seen above the surface of the water, and this 
whilst the line makes an angle of 45* with the horizon, in an opposite direction ; 
it is clear, therefore, that the effect of getting the boat higher out of the water is 
produced, not by any peculiar mode of traction on the bank of the canal, as a late 
writer upon rail^roads has said, bnt by the inability of the boat to divide the 
samemassofwateratahigh vdocity asitdoesatalower speed. And this is a 
fact which goes to contradict the supposition that it is only in a narrow eanal, 
where the wat^r cannot escape laterally, that a boat will partially rise out of 
the water; shewing as it does clearly, that even in an open sea the same efl'ect 
must be produced. The eti'ect will no doubt be modified by didereut situations.* 

It must he evident to all who have obeyed the way m which bodiea, exactly 
similar, will, at di£ferent vdocities along the sur&ce of the water, nnk or smm, 
that lAiere is a velocity at which even an iron shot will not sink until it has 
recoiled from the surface of the water once, or twice, or oftener. And reasoning 
upon ^uch facts, we are warranted in contending that there is a velocity at which 
the boat will not penetrate the water. 

The degree of emergnaoe of the boat from the water, I obtained as accurately 
as the limited time and means at my disposal enabled me. On plate III., 
(the drawing of the experimental boat,) will be seen the positions I. 2. 3. 
4. 5. 6. 7. 8. 9., at which the observers were stationed to determine 
the rise of the boat. Upon the top of the gunwale of the boat at these 
places, blocks of wood, an inch and a half thick, were nailed in such 
manner that they projected three inches over the side. The end of each, blodc was - 
chisseled off quite perpendieular, so that the observer by holding a measuring rod 
flat against the extreme end, and by raising or depressing the rod, — ^the edge of it 
just skimming the water, — was enabled to see the space between the top of the block 
on the gunwale, and the surface of the water perpendicularly under it During 
a trip of the boat, each person took as many observations as he could, and the 
means of all the observations are noted on Table V. 

If the funds at my disposal had been sufficient I would have constnicted a 
long tube with upright glass cylinders at each end, which would have been gra« 
duated, and by means of a stop cock, any fluid in the tube might have been so 
r^ulated, that the angle which the boat made in the water at any velocity, might 
have been ascertained with the greatest accuracy by hxing the tube in the bottom 
of the boat, in a line with the keel, and, at the same tisa^ measuring the height of 
the stem out of the water ; which is easily done, as there is not die slightest agitB« 
tion (^the water before the bow of the boat, at high vdocitics. 

* The Action of this wbale boat on the water ia exactly the action of a boj'i kite in the air. 
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TABLE V. 

Experiments made with " the Grahame and Houston " Pauage Boat, on the Paddington 
Canal, for the purpose of ascertaining the fact of the Boat ruutg mil of the watar at high 
velocities, and the amount thereof, 29M April, 1S33. 
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From this Table it will be men, that die obliquity oocaaioned by die line of 
the hones* traction must enter as a function into any calculation of power 

necessary to impel a boat ; and that the traction shown to be necessary in the 
foregoing tables ought to be stated at a lower figure, in consequeoce of the 
heeling of the boat to the side on which the horses pull. 



To detmsine the rise of the wave upon the banhs, feor stakes were placed, as 
on the previous occasions, at intwals of one hundred yards, upon the banks, and 
at the ^ge of the canal. The water lerel was carefully marked on each. These 
stakes were lettered A, B, C, D, K : tlifsc were divided into inches, and placed 
in the water so as to have the zero {)oint exactly even with the surface of the 
water when at rest : behind each of these, another stake was placed in a line 
crossing the canal at right angles, to enable the person who called out the time 
in the boat, to observe with more accuracy, the exact instant that a particular part 
of the boat crossed the line of collimation. An ohserTer stood at each post, and 
noted down the exact height to which the wave or surge rose above the level, when 
the boat passed, with different deg;rees of velocity; a cross section of the canal 
was taken at each line of stakes, drawings of which are given at Plate II. On 
the 3rd day of April, the first set of these experiments (Table VI.) were made ; 
there was scarcely a breath <^ wind, and the water was perfectly stilL Mr. 
Holland, the Surveyor of the Grand Junction Canal, stood near the stern of the 
boat in a line with the bulk-head of the after cabin, and called out "time" n.i the 
moment of passing the line of each set of stakes. Mr. Whitwell and Mr. Duodas 
observed the chronometers, and noted the exact time when the signals were 
given; md the ohserveia on the shor^ Measn. Baker, Bourns, Obom^ and 
TumbttU, marked the height of surge. 



ao 



TABLE VI. 

Experiments made on the Paddino^ton Canal vitk tht ^' Grahatne and Houston" 
Passage Boat— twelve passengers for the purpose of ascertaining iht height of 
the wave at dijerent velocities. 3rd April, \9dS. 
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The second series of experiments on the wave, (Table VII.) were made upon 
the sixth of April, in tlie prr^sence of Mr. Telford, Mr. Babbage, Captain Basil 
Hall, R.N., General W lisoa, Mr. Gill, aod several other scientific and professional 
gentlemen. The arrangemento were in other respects the same as upon the 
preyious day. The height of the wave being taken by the gentlemen whose 
names are mentioned on the table. The signals of passing the stakes were given 
by Mr. Holland, and the times of the chroDonieten were observed by Mr. Whitweil, 
Mr. Gardnert and Mr. Dundas. 
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TABLE VIL 



Experiments made on the i'addington Canals with the ** Grahame arid Houston" 
Iron Passage Boat, Jbr the purpose of ascertaining the height of fPme at di^ 
JkrentvdodHee, m April, 1893. 
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A furgc upon the canal embankments is no doubt to be avoided. Still, it it 
bat fiur to sayi much depends upon the dope and natare of the hank. I must, 
however, state, that no very satisfuL-tory observation upon the surge, merely 

occasioned by the boat, can be obtained u])(in the odc^ of the canal. The action 
of the water in motion upon the bottom and sides of" the canal is dependent upon 
the amount of friction. Here the resistance appears correctly stated to be nearly 
proportioned to the squares of the veloeity. The fnctkm, nevertheless, varies 
according as the extent of sur&oe of the water in contact with the bottom and 
sides, is more or less, when compared with the amount and depth of water. For 
instance, the snrfaco of a deejj and rapid stream may be smooth, whilst tlie bottom 
is rough, and yet the surface of a shallow and rapid stream, with a more unifornily 
smooth bottom, will be agitated. In a canal it is distinctly seen, that whenever the 
hanks are closed up almost perpendicularly, as at docks, bridges, &c. where the 
width is not contracted, there is little or no surge ; but when the inclination of the 
banks are veiy oblique, the wave is immensely increased, both in size and in its 
distinctive properties ; acting like a breaker upon the sea beach or on a bar. The 
slope of the banks of fhe PiuldinLrton Canal, particularly on the towing-path side, 
is therefore the worst possible for boats proceeding at high velocities ; but where 
the banks are formed in a different manner, as on the Ardrossan Canal, we are still 
enabled to reconcile the results obtained on these aperiments, with the facts stated, 
that " the quick pasnge boat makes little or no surge.** I do not, however, shelter 
myself under this peculiar case of the malformation of the bnnks of the Padding- 
ton Canal, to avoid the force of an assertion of those interested in railway 
speculations, "that the wave which followed the boat washed the banks and dis- 
placed the gravel just as a tide ou a shore, and that therefore nine miles an hour 
is too great a speed to be attempted if the canal banks are to be regarded." ( Sec 
Af^iendix D.) 

Had those who made this assertion stopped to examine the cause scientifically, 
they woidd have attributed the effect to the slope of the bank, and «of to the 
velocity of the boat. That it does not arise from the boat has been shown 
already. Tliat it is from the slope might have been deduced, by their professed 
science, from those laws which led Mr. Smeaton to give to the Eddystone Light- 
house such a judicious curve, as to throw the foaming billow which buffets this 
monument of his fame, far above the height of the surrounding seas. His object 
in so doing was obvious ; but the verj' same reason which induced him to give it 
such a curve, would prevent a canal ensxineer trom forming his banks so that the 
breaker which follows the moving body should wash the gravel on it into the 
cuaL By a veitioil bank simply, this difficulty would he in a great measure 
avoided ; but in cases where the natural soil ia tender, they should be lined with a 

X 
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cottfse of atone, a foot liigh. In some canals the ntihea which grow cn the bnnka 
bteak the fofoe, which weald Inve a tendency to hijuie them ; but die ohviout 
method U the coe above suggested. 



There is no branch of practical science, which has iavolved in its current ope- 
rations so much mon^, and there is certainly none, of which the laws are more 
intricate and undefined. We have already seen the results of these imperfectly 
understood lawi^ and we must now turn our attention to that m^hod by which we 
can evade them, or get partially out of their control, as we do when the boat is 
caused to rise out of the water. 

To arrive at this method, and to determine the ret^uired construction, diilering 
widely as it must fnnn that which has been made to contend with the old law, will 
be a very interesting eSoft 

It is not necessary to advert to all the instances where variation of die old law 
has attended variation of the boats form, nor will nn histoiiral summar}' of the 
experiments conducted by various philosophers be expected here. I sIkiI!, there- 
fore,, brietiy mention the line of discovery by which a well known law has been 
brought into successful and lucrative applu»tion. 

Fourteen years ago Mr. Robison, Secretary to the Royal Socie^ of Edinburgh, 
had been informed by Mr. Perkins, that upon one of the rivers of the United 
States, he Iiad observed a bargee (length sixty feet, and ten feet of beam) loaded 
with liay, so acted on by a strong wind, that the barj^e appeared to rise about 
three feet above her water line, and to skim with very great velocity upon the 
surface of the water. Mr. Robison, in consequence, made some ^peciments 
two yean ago, upon the Forth and Clyde Canal, and the results of these expe- 
riments will very shortly appear in the Transactions of the Royal Society of 
Edinburgh. They were made by fixing a long spar upon, and acro';';, the cut- 
water of a steam -boat. The spar was nicely balanced upon the cut-water. To 
each end of this spar, the model of a boat was attached. One model being sharp 
at the bow and bottom, and the other model being perfectly flat bottmned. It 
was found that at the vdocities, under nt miles an hour, the sharp-shaped boat 
was more easily drawn through the water ; but tiiat at all velocities above six 
miles an hour, the flat-bottomed boat surpassed the sharp boat. This difference 
in the power requireJ, was ascertained by Mr. Robison in pounds, and will con- 
stitute a very mteresting paper when published. 

Mr. Fairbaim had been previously engaged by Mr. Grahame in the extensive 
course of experiments, which an recorded in his ** Remarks on Canal Navigation, 
illustrative of the advantages of the use of steam.** 
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But previous to either, nuneljr, in the springy of 1880, Mr. Houtton wm 
indnoed to attempt a light gig-«haped bpat, already mentioiied in page 3 of this 

paper. And now, not only are passage-boat5 increasing in number and pros- 
perity, but luguasrc-boats are iu many instances established at these hii^^her 
speeds. The Loodoa, Lcith, Edinburgh, and Glasgow Shipping Company, 
deapetch their boatK with goods and paasengen every lawful evening, from Edin» 
biifgh for Glwqnow, at six o'clock. 

Fares for passengers to Glasgow— First Cabin, ; Second Cabin, 3s. 6d. 
intermediate distanees, moderate. 

" The Company lately commenced running at an increased rate of speed, an 
additional Night Passage Boat every lawful evening, at nine o'clock, arriving at 
Glasgow the following morning, about eight o*(dock, when the goods are imme- 
diately in progress of delivery. 

** Thus affording to passenf^ers a conveyance (very superior in point of comfort) 
several hours afler the day Glasgow coaches are despatched, at one half of the 
fares at present charsT?d b}' them. The rate, for packages and parcels is loss than 
half of the charge by the coaches, and for bales and boxes, or other heavy goods, 
is at a rate, less than the half charged by the vans. 

*' Packages and paicds under two stones, only 6d. ; ditU^ four stones, only 
9d. The Company's Luggage Boats are also now deapatehed daily, carrying goods 
at the cheapest rates.'* 

Plate IV. is a drawins*' of a passa^ boat now runninf^ on the Monkland Canal, 
and Plate V. is a drawino; of one now runnini; on the Forth and Clyde Canal. 

On Plate V'l. is a drawing of one of the passage and luggage boats. 

Boats similar in shape and quality to the Scotch passage-boats are now tntro- 
dnced in the Lancaster and Preston Canal,* and must shortly become general upon 
all canals. Appendix F.) 

PInte VII. are the transverse sections of a part of the Kennct and Avon Canal. 

in the conviction tliat these banks were so formed that no possible injurj'^ could 
arise to them from the passage of the boat, at the required velocities, the com- 
mittee of that Canal Company have been induced to encourage a carrier to em- 
ploy the boat ** Grahame and Houstoun,** for the present, between Badi and 
Bradford, a distance often miles on one level, as a mode of conveying passengers 

• According to ihe information gireu \>y y\r. Gr.iliainc, of Glusjrnw, to the Institution of Civil 
fiogineen on the Iiat ereoiag of their meetiog, (1 Itb of Juoc} these boou aow accmipUsh the diiUBce of 
ihtRy-ooe nriks in thraelioins, ud h«1f an hour more for siopptgea. Thb tbey had done tat matt ihui 
two months. Tiie actual eoft fur conveying each boat is one shilling per boat per mile. Hy water tbi- 
distancc is thirty -one miles, by land the dislanoe is twenty -two tnilc:«. Biit« notwitbsumding ibe greater 
dtstance, so highly is tbe canal conveyance flMeeiBBd by passengers, that cqttdi coMnelBii hambad to 
fcdnw their fiun eoomlcnldr. 
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and ligbt goods, with a view to extend the plan to greater distanoes. The hones 
are changed once in this stage, which is about the average distance at which they 
are chnnrrcd on the Scotch and tlio Lancaster canals, and very little less than the 
distance; at which the horses are changed on the turnpike roads by all the faat- 
goiug coaches in England. 

With the history of the past dien as our wanant, we may, in regard to canal 
navigati<Ni| anticipate the future^ in the probability of an improved canal ooo- 
▼eyance between London and Birmingham and the North West of England* 

One of the greatest advantages, in a commercial point of view, next to cheap 
and expeditious means of travelling between two ^[reat towns, is that of having 
frequent opportunities ot doing so in the course of the day. If the number of 
<Mnnibu8e8, which now ply singly through London, from Paddington to the Bank, 
at almost every five minutes in the day, were collected in one train and started at 
intervals of every three or four hours, as Ae trains drawn by locomotive carriages 
between Liver[)ool and Manchester, the accommodation they would then afford 
to the public, would Hear no proportion to that which is gained by their travelling 
singly and at short intervals between each. On the same principle the accommo- 
dation which is now given to the public by the coaches which run between Lon- 
don and Binning^iam, is not so great as if the same number were to start at 
dtfl^ent hours in the day, instead of the day coaches all starting at nearly the 
same hour in the morning, and the night coaches at nearly the same hour in the 
evening. Should a rail-road ever hr mnr]e between these towns, this accommo- 
dation to the public would be Still lessened, for one train of carriages, or at most 
two, would talvc nearly ail the passengers that now travel this road by the stage 
c<Miches ; and instead of even a short interval, as at present, between the d^par* 
ture of the coaches, travellers must all collect at one point, at one moment of 
time, or lose an opportunity which may not oceor for the rest of the day ; for it 
would appear that locomotive carriages cannot run on railways with economy, 
(that is, pay th*- interest of the outlay on the railway and the contingent c \ [ ir_ii<es, 
connected with ii,; unless they take u large train of waggons with iheiii at the 
same time. If this were not the case, there can be no doubt that the inconve- 
niences to which travellM are subject, and which have been so much complained 
of on the Liverpool and Manchester railway by crowding together upwar«]s of a 
hundred passengers at one time, would have long ere this been remedied by 
running light locomotive engines, drawintj one or two carriages, with twenty or 
thirty passengers, and starting at every hour in the day ; but, instead of this, 1 
believe the engines have constantly been increased in weight and power since the 
opening of the railway, and rendoed capable of taking a larger train of waggons 
at eadh trip. 
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By proper and judioimii tmagemiiiaU, tad boils tmntmoted on proper pria- 
ciplet* I have no doubt whatever that a lucrative bntinm in the tnaaport ef paa- 

sencrers between London and Bmningham, and the North West, might be established 
on tlie canals, even in their present state, besides affording to the public the great 
advantage of numerous opportunities of departure and arrival in the course of 
the day. 

For this purpose, botfa miieli malkr, lighter, and of a fiMier and tmntor 
httU than tktue employed en the Cmud, should be eoostrueted to carry 

twenty passengers, and fitted up sometbmg similar to the chy omnibuses, with 

cushions, windowR, &c., but with the addition of a narrow table in the centre, 
and Ijaving one part 8et off as a state cabin capable of accommodating eight 
passengers ; these boats may be drawn, with the greatest ease, ten miles an hour 
hy«Be hone. 

Boats of this deseripticD troald oost about 12(ML each ; and supposing one to 
start from London, and one from Birmingham, at every two hoors— >tbe first to 

start at six in the momin j, \he last at six in the evening, — fourteen boats would 
be required for actual work, and say six spare oneSy m ail twent|r~-the cost of 
which would not exceed 2,400^ 

If vre estimate each boat to take an average of only four cabin and ten steerage 
passengers, and a quaiter of a ton of parcels or light goods, the total weight wUl 
not eKoeed one and a quarter ton; and supposing eadi cabin passenger to 
pay one pound, each steerage passenger eight shillings, and parcels three pence per 
pound, for the whole distance, a very considerable profit miij^ht be realized, and 
the public much benefited. In order to save time in passincc the locks, and also to 
prevent the waste of water, which would otherwise take place, in passing so light 
a boat through than, inclined planes should be made at each lock, wvc whidi 
the boats might be taken on a truck with safety and expedition by the horse em- 
ployed to haul them on the canal ; the expense of these inclined planes would be 
very triflinp:, and ihey should be carried into efTcrt hv tltc r<'s']>t'oti\ e Canal Com- 
panies ia the ftrst instance, who might atterwards repay tlieiuselves by a small 
charge on the passage of each boat. The time in which a boat might make the 
journey between London and Birmingham would probably not esoeed twenty hours, 
albwing fourteen hours Cmt travelliag, and six boota &r cbangmg the borset and 
passing the indioed planes, and even diia time might be much lessened by the 
Canal Companies formino- n towine: path, four feet wide, (which would be quite 
sufficient) on the opposite side of t!te canal from that whirli the horses travel in 
hauling the heavy boats, and by ukmg q& some awkward bends which now exist 
an the Grand Junction Canal, by whidi it would be nuieh improved at a compa- 
rative small outlay. 

There are two lines of canal navigation from the extremity of the Ghnnd 
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Jimctioa Camil at Braunston, wbidi now fonn the great commnnicatMm diagonally 
dtfough England, with Binningham and the North West- 

On the northern end of the Oxford Canal, which forms a part of this line; 
much has already been done in shnrfpninc?- tlip distance. The banks are faced with 
stone in the best manner ; and in some t Apenirietits, made so late as the 4th of July, 
the oommittee of that canal, attended by their engineer, Mr. Cubiit, were satisEed 
that they could suatain no inj ury from the openkti<Hi of the beat (See Appendix E.) 

The other line, through the Warwick and Naptonand Warwick aiul Birming- 
ham canals, is much shorter, as it respects the communication between London 
and Birminjjham only. The competition, however, excited by rail-road specu- 
lations, will no doubt operate to the reduction of distances on all the above-named 
canals, as well as to a great diminution of the lockage. These lines of reduction 
are very obvious, and have been surveyed and proved to be capable of execution at 
an expense infinitdy below the calculated cTperuStttrt of the proposed railways.* 

Hie detail of the application of the fast boats, the probable receipts and ex- 
penditure, time of passage, and moans of accomplishing it under present circum- 
stances, is, however, not within the line of" this treatise. The possibility and 
capability of duing it is, I think, sutiiciently shown, not only ou this line, but on 
many other lines of canal. 

But to return to the variationa of the old law, which have attended eveiy vari- 
ation of the boat's form, it will be teen by Table VIII. which is abstracted from the 
preceding tables, and by some instances from other experiments added thereto, 
that CTcat importance attaches to the shape of the boat, and also that each ho.\t 
]:,xiiiiiiih A KtATUKt pjiCt;LiARLY ITS OWN. So that it is nccdlcss to expect to get 
the measure of resistance, at different Tdocities, from any general formulse. 

« " The concliuive proof thai mile for mile railways cannot compete with caoab in the carriage of 
goods, is dnmn from a {iriiitod docnmeiit. israed by the promotos of the Londra and Bniiiiiqsjiiaiii 

Railways, called Mr. Lecount's ' General Reitults of the Traflic Returns between London and Birming' 
bam in one Year; ako (be expenses of caniage by the present mMM, and by tbe Railway :' in this 
h« states that l.ISS boats conveyed 124,029| tons of goods ahmg the ceoab, « distamee »f 147 siilee, 

at an I'xjx ii'^' of 310,073/. 15<., and that hy lae nul»av they will be conveyed a distance of 112 miles 
for 290,694/. 2«. 9^d. It residts from this statement, that notwiilistanding tbe distance by tbe canals is 
as 147 to 1 12, or more than tme-fiflk greater than by tbe railway, the total expenses, as stated by the 
pn^tiHt ef the latter, ai-c only ofu-fourteenth part greater, that divided proportionably per mile, tbey 
would be on the railway 2,590^, ntid on thf c-.unxh 2,109/, Of that i>x}iciuHhjiy, lakiiifj Mr. Lecount's 
own estiroalc of 124,029 tuus lor the toul amount, no less a sum than 173,640/., xu the rate of 2ti(. per 
loo, is paid to the Canal Companies b tbe shape of tolls ; and it has been fully proved that on the 
pattern railway, Wtwcm T.ivfTj<r>ol nut! M:iticlir«trr, n vtry ^mall part dtily of the tolls can be rcccivtnl ; 
a reduction of tolls by llie Canal Companies, which self-defence would reduce them to make, would 
MDibr it impossible for the nOmy to compote with them."— Ofa«rmi(iMit m* Om Cra^arofMW Jfertb 
tfCanaU and Raihrays. Second Edition, p. 31). Longman and Co., 1832. 

It is dear ibal reduction of distances would operate equally in reducing competition with canals. 
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TABLE VML 



Constructed partltf from the Experments of others, ami parthi from the Experiments detailed 
above J for the purpose of exhibiting the comparative incrctmnls of Fomr required by 
Afferent shapes and siza of Boats. 
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The &tits detailed in tbe foregoing paper, so completely abrogate liie laws bf 
whidb the ship-builder has been regulated, at least, as fiur as icg«fds canal and 
steam navigation, that it would be hazardous to state upon these limited experi- 
ments whvtt is the best form of boats. So fnr I have gone, I fear not the result 
of investi;j;aiion, even by the most determined opponent that prejudice may enlist 
on its side. But where investigation so strongly shows the ignorance which still 
surrounds the object, it may be well in die mean time not to venture any specula- 
tions upon it With this view die tables have been so constructed, that iead«n 
may famine them in various lights, and speculate for themselves. 

There are, nevertheless, one or two thoughts which may be ventured before 
tlie scientific world. The subject naturally divide?? itself into two j^arts : one 
division will be the consuicrations for the shape of a canal boat, drawn by an 
oblique actbo, as by horses, and tbe other division is tbe consideration of the 
shape of a boat to be forced through the water either by a cord in the direct line 
of navigation, or by a power in the boat itsdf. 

With regard to the former, vi - the construction of a boat which horses on the 
bonk are to haul. The obliquity of the keel with the line of traction, or line of 
motion, is not only to be considered, but there is a certain heeling over of the 
boat (see Table V.) which indicates a loss of the horse s power, and which must be 
obviated — and it can, perhaps, best be lessened by making the point of traction 
lower down than the timber head at present used. 

When the horses pull obliquely, as they roos^ it is requisite to set the helm in 
such manner, that the boat herself assumes an oblique direction, and thus she does 
not meet the resisting fluid witli an equal presentation of each bow. If the horses 
draw on the larboard side, more of the larboard side of the boat is presented to 
the water, and less of the starboard side, and be her original construction ever so 
perfect, she must contend against this peculiarity in horse traction, and hence a 
loss of power. Whether a keel which could be set obliquely in cither direction 
of the boat might remedy this, I cannot venture to aftirm, but whether or not, cer- 
tainly this difficulty can be obviated by the adoption of steam power. 

We are thus brought to the consideration of a boat with the line of traction or 
line of power in exacUy the same direction as the boat's course requires to be. 

It has often been asserted, that sudi advantages as we contend arise from the 
boat's emergence from the water at high velocities, have never been attained by 
boats with a power in them — for instance, by siieh as a row-bont or a steam-boat. 
With regard to the first of these, the row-boat, we can venture a sufficient reason 
for such having hitlierto been a just remark. When the boatman is rowing his 
boat, with his ftee to the stem, by which position he is mabled to bring all the 
muscles of his legs to his aid, the antagonist muscles, flexors, and extoisors, are 
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80 caiued to bolaiioe or ooimteraet each otWi tbat bis body u for a part of the 
stroke^ teitedf not on the aeat of the boat, but suspended, as it were, by a muscular 
rigidity, very much upon the heels. When, however, the blade of the oar has 

passed astern of tlie row-locks, and the intensity of muscular force is relaxed, the 
boatman seats himself with a thump, which, together with the resistance met with 
when lifting the oar, invariably dips the bow of the boat deeper, and so prevents 
her emerging from the water. With a veiy little attention to a boat when rowed 
upon smoodi water, dhe may be teen to act in this manner ; an oscillation will be 
perceived to a very considerable extent, occasioned by this shifting of the centre 
of gravity, not merely i n ^hort skiffs, but in the longest whenys or gallies on the 
Thames, at every slrok ' the oars. In the case of steam-boats, it is also clearly 
to be seen that no attempt has been made to cause an emergence from the water. 
The improved speed of steamer* within twenty yean, hsa its foundation in the 
improTed chaiacta of the naduneiy, and in the elongation and sharpening of the 
bows, but it has not been in any instance hf attempting to draw less water in 
proportion to her increased velocity. 

From the whole data furnished, then, by tlie above course of experiments, we 
arrive at the conclusion, that navigation, whcttier by traction, or by impulsion, — 
by the oar, or by the paddle, is yet in its infant^. A bold aaseition perhaps, con- 
sidering how long we have held dominion of tiie deep ; but one, notwidistanding, 
which we hope to see amply verified by general practice, before many years 
pass over us. Assuredly our boasted triumphs during the past, over the winds 
and the waves, will bear no proportion to those which yet lie before us. 
Hitherto the attention of the shipwright has been directed to giving the vessel 
velocity through the water; but when the velocity already gained shall be 
aided by the advantage of decreased draught, when the vessel is forced over 
the water, safety and comfort will be the alone .limit to speed in nautical 
science. Shall we then, within sight of such important results, strike the sail 
of the little skiff by which the discovery has been made, and ride quietly at 
anchor, content to know that there lies within our reach what will bring so much 
nearer to our shores the commeroe of the world ? Or shall the enterprise of this 
great oommerdal land, at once promptly furnish the means of confirming the 
accuracy of the above assertion, by a course of experiments, proportionate to the 
magnitude and importance of the subject, and adequate to bring such improve- 
ments into general navigation practice ^ Time will show, we hope soon, and trust 
favourably. Little will it say for the science of our country, if there be not a 
growing aptitude to shake off the etourderies of the past, and to improve a science 
whidi tends so much to the common good. The steps now taking by some of the 
cuuil companies, in order togive premiums tar good and quick boats, is worthy of 
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ttample. And that department of Government which wields triuiii|iliailt 
n^vy, and to whose spirited conduct we are indebted for so many improvenieata 
in the steam marine, will not, we feel convinced, leave this important investigation 
to the industry and enterprise of individuals alone; but will in the true spirit of 
their great trust, by a hearty extension of that power which has given to the 
nnriner the ability of iteeriiig a direct eoune ma ** the mountain wav^** enable 
bim also to abridge, with advantage to hk conntiy's wealth- and itiengdi, the toils 
and perils of his home upon tiie deep.* 



For more particular information as to the uses of the Pirameter, the reader 
is referred to a short description of it published by Roakk md Vartt, Bookaelleniy 
31, Strand. 
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A. 

Specificatiok of a Lighi Iron Pauage BotO, tmek atpfyM the Summit Levd 
tfthe Forth md Canal, bebmn Port Dtrndasand WinWord, and wcA 
09 mu utedintke Ejepenmenu d^mkdhi th /brqpm^ pe^. 

Extreme length • . . « 70 feet 
Ditto breaath ... * H 

The iron of the very best mauulacture. 

The body pletss in pttiksular nut be free from nut, ertda, Uiatera, and roof^meee 

of every description. The whole of the iron must be coated with linseed oil, previous to its 
being used. And tbe boat suut be built under cover, so Uwt tbe work maj be kept dry until 
the boat is finkbed. 

Although aotabowB ob the plan, the said boat(plaiteIV.) haaa hoUow keel, so as to pre- 
vent tbe lodgment of water bcncntli iLe ioor, between the ribs. The stem and stem shall 
eoaeist of bars of iron, six inches io breadth. Mid a quarter of an inch thick, which are ham- 
mered ilat «t tbe lower part to die breadlfa and tludtiMea of tbe keel-plate* to wbich diey an 

•oarfed and secured with clench rivets. 

As '!taf' fl above, the keel-plates are fonnrd hnllnw, and rnnii-^t nf fioop iron, six inches 
in breadth, and one-eighth of an inch in thickness. To which a wood keel of Men^l plank 
ffily feet in length, vine indwa m deptt, Une inches in thjAoess neztOe bottom of the boait, 

and an inch and a half at the lower edge, tapered off to nothing at < n li end, must be 
secured to the keel-plates with glands an inch and a half in breadtli, lud a quarter of an 
incli tliick, sunk flush ioto the keel, aud screwed inside at liie di^iUuice ul tlurtse and half inches 
apart. 

The ribs shall consist of T and anple iron, and placed alternately at the distance of 
twelve inches from each other, and extending from gunwale to gunwale, after being bent to 
■ok tbe curved form of the vessel, two rows of boles are punched on the flat side of the angle 
•ad T ribs to secure tbe body-plates, and holes at convenient diitanMfl are panelled thnrafh 
the nytight flange to secine the iUse ribs fiar the iamdc Umog. 
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APP£NDiX A. CONTINUED. 



Th« body plates must consist of tbe belt doable-rolled No. 16 sheet-iron, two and a 
half lb. per superficial foot, and these sheets are in leng^ths of eight and ten feet. The first 
range of bottom plates, wliicli joio the hollow keel, eight feet in leo^^th and twenty-four 
iaoliMuilirBMlth; tin asU two rngec on Mdi tide wUdi liMm tbe tvOge, ten 
by twelve inches in breadth, and the range next gunwale, ten feet in length by eighteen inches 
in breadth. Particular attention is requisite, both witli the view to the strength and appear- 
anee of tiie boii, that flie wIioIb of the body-plates be run in fair ahaer linei fiwn stem to 
■tern, and that the lower edge of eedh eooeeeding length or range of {dates oorer the upper 
edge of their accompanying ones three quarters of an iucb, 60 tluit the boat in eveiy raqpeet 
may have the appearance of being clencher built. 

The botta, or «Dd joiets of the platesi, niut be kept soieothi and meet on the oentre 
the T rib, and the jointiof euA aooeeadiDg plate he fo ihiftedef teineet on the T rib nearest 
the centre of its accompanying ones. It mast, however, be expressly understood, that 
previous to any of tbe plates being rivetted, a thin stripe of cotton cloth, dipped in white-lead 
pefakt^ be pat in between the overlepe of the edge jo^t, end between the ribi and the end 
joints, so as to prevent leakage and corrosion. The whole end and edge joints must be 
secured with countersunk rivets, made from a three-sixteenth of an incli bore, placed at the 
distance of throe-fourths of an inch from centre to centre, and made from the best charcoal 
rivet iron; the imts. except thoee for eeenring the cud jointly naet be pkwed two uiehee 
distant from each other, and the whole, as stated above, be covntononk, and kept as 
smooth as possible. 

Plates, MX inches In hvendlli and one-eighth of an inch in thicluiess, to be placed on 
each side along tiie bilge, over the liody-plates, where they are most exposed to injury when 

taking' on )ionH nnri 'anding passengers, which will extend from the round of the entr)', at 
the bow, to the cuuiuiencement of the run or exit, at the stern; and is secured to tbe ribs and 
body-plates with ooontersook rivets, placed at the distance of three indbes apart ; bat befim 
they are secured, both the bilge-plates and body-platcS must be properiy ooatad with white* 
lead paint, and a ply of sheathing dipped in the same, put in between. 

One and a (quarter inch of angle bars extend from stem to stem, to form the gunwale, 
to which wdts or wood moalduigs are seeared; and another, of the Mune dioMuleM!, to be 
placed seven inches below the gunwale, to wluch the WOod^bdltBg, three inches thick, and 
four inches deep round off, is to be secured. 

The boat is framed and moulded, and in every respect formed exactly and agreeably to 
the pla^, and the wo^ nmst be done in a snbstantial and workmaiilike naiincr* 
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Specific ATI OK Ike Carpaiter and J<Hner W^k mtch a Lighi Iron Canal 

Pauttg^ BooL 

The tenjifth of the boat as specified at ae<7ent3r feet in length, five fret .six inchttin 
breadth, and two feet six inches in depth. It is divided in the fioUowing manner, viz. 
Poredcok . . . . • 4 fsot «i>laiglk. 

Fore sheets ... . ^ According to the 

Space for steerage cabin and principal cabin, &e. > number of the t f» l»Uw w 

After sheets . . . . . j intended iar. 

ktbet daek .4 ftab 

The false ribs for securing the insifle lininfj consist of willow timber, one inch in 
i»«adtb, and seven-eigbtfaa of ao inch in deepneM* which roust be free from knots and shakes* 
M tbattiiey awybcod cuHj •Aer bong stovvd lotlw ourved form of <In» boat, to which tb^ 
WKvmmmA nitb aails^ rivetted to tbe oprigbt flange of the riba. 

The sea crofts, fore and nft. must extend from the stmi ami stern to tbe end of the 
cabins, and be four inches in breadth, and two incites in thickness, ol iwst Jteaodi- plaak, 
wbidi ii kflfit ilaab with the gwirik inaMe, aodieeiifed with th i uo' Wght ha of an indi rwnkh 
QUO tbronghout each rib. 

Two timber heads on each side, near the bow and stem, are placed in the most con- 
venient situation for mooring tbe boat, and secured with giands tised with clenched rivets, 
■0 that ^ thnber heads vutj be taken oat and replaoed when feaodiMeonry; toooMHtof 
solid oak timber, five inches in braadth, two niokes thick, one foot in kogtfa babw tke^gim- 
WAle, and nfvm inches above. 

Tbe beams which support tbe deck fore and aft, consist of oak plank two inches tiuci, 
tbno incbeo 4eep in the oeatK» mmI iwo ioehee deep at caehend, witk&oaovo of half an 
inch to the foot in length; and they a» oooiirad With a aheet4raa|dala lo the-gaowaki, aagie 
iron* and sea-croft. 

The gaowale or covering boards shoald ooaaist of tiie beat Meiael 6r |dai&, one inch in 
thickness, wbich oxCende from stem to stera ; the eorer ie aeeoredto the gvnwdo flaago aad 
wele tliat forms a mouldinL' roinul the same. 

The ends and divisions of tbe cabins ^uldcoasisl of Hemel plank, two and a half inches 
in breadth, aod one and 1hreo4bnrtha inoh thidi, whieb wiD fem diagonal firanwa, fcr the 
purpose of strengthening the boat, so as to resist external proMUru. The aud framea muat 
be lined nt the ends of the cabins outside, with the best half-inch American yellow ptoo 
plank. Tbe framing in the inside of the cabms may be lined as may be aj^roved of. 

Tbe deepen, for tapport of tlM flooring, iboald bo two inclwa deep, by one and a qnarler 
inch thick, placi^d and fitted to each alternate rib. and fixed to tlie upright flange with rivet 
nails. The flonrin^ <thould consist of the best yellow pine plank, one inch thick, and not to 
exceed six inches in breadth, which must be properly cleaned, plougiied, and feathered. 

Tbe height of the ertiu, from the top of tlie floor to tbe iower part of the beans, aix 

feet at the centre, and the height of the sides above the level of the floor will ho flfO feet 

oader tbe beams, consequently the beams will have a curve of twelve inches. 

N 
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The standards or stanrlipons of the sides of the cabins shouhi consist of the best white 
American oak, one inch thick, and one and a half broad at the gunwale, and one inch in 
breadth at the top of the cabin, and placed at each alternate rib, to wbieb it if Mcured, the 
distance being twenty-four inches from centre to centre. The top gunwale, for the support 
of 1)if riinf, t 1 br made of the best Mem<-1 fir or red pine, free of blemi'ih or knof^, nnd 
etteud the whole length of the cabins, two antl a half inches deep outsidea ; the upper edge is 
iMtdled to ndttho curve of the beauM, and two inehe* in tkiekaese, mortieed to fitfhe tfloov 
«f the etuderd. having a projection for a bead, and thickness of outside lining. 

The beams, stated above, to have a r«rve of twelve inches, to consist of the best 
clean aab timber, au inch and a lialf in breadth, by one inch in depth, the lower part rounded 
to a half-circle, and ia placed at the diatmoe of two ftet Srom centre to cealre, dovO'tailed 
and secured to the gunwale with screw-nails ; and a framing of iron wire gauze, well painted, 
shall be OMuie to connect them, so that the top may form one solid oonoected fom from end 
toeod. 

A atringer extends the whole length of the oabinfl in the centre to support the roof, 

which is let in, and bound to (lie diagot):il trmnes, the npper etl;ri" k^pt flush with the top of 
the curve, consisting of clean soUd white Quebec oak timber, liiree inches in depth, by an 
inch and a half thick ; htto which, tlw heani are let nearly in the whole depth, and made 
exactly for the top covering. 

The space outside of the cabin, fore and aft, must be lined from the floor to the gunwale 
Willi tive-eigbths of an inch red pine boards, and seated in the usual lurm ; the tops seven- 
ei^ithsof an inch thick, with round supports and cross bearers, with two front raib, two and 
a half inches in btvadth, beaded, and let in fiuih with the bottom and top of the a appert a 
or feet. 

In order that tiie boat may be kept as light an possible in the tittings-up, there should 
be no inside lining of wood front the foornp, oeoaeqiiently the whole aeatings in the cabiM 

must have fronts supported with brackets ; these brackets to be secured fo a stringer, fixed 
to the sides of the boat the whole lengtlis of the cabin, three inches in breadth, by an inch 
and a quarter thick, to which the brackets are let in flush, and nailed to it and the floor. 
The seats in the principal cabin to be sixteen inches in height, so as to allow cushions two 
inches thick and eighteen inches in breadth; the hnrk to be one inch lower than the front, 
which is considered an improvement as a comfortable seat ; the seats in the principal cabin 
may connat cf cane, light wood, or lacing, as nay be approved of ; the fronto conaiiting of 
the best American yellow pine five-eightlis boards. I'he scats in the steerage, OlgfateMI indwa 
in height, by fourteen inches in breadth, and th< <l w ith brackete in the aame mamer aa the 
principal cabin, and be seven-eighths ot an inch iq thickness. 

The outside lining between the gunwale and top of the cabins should oonaiat of the beat 
yellow pine half-inch boards, well seasoned, free of knots, sound, and properly dennedf 
ploughed, and feathered. The first board will extend the whole length of the cabins, eig^ht 
inches in breadth, neatly joined to the covering boards, thin fitters being titled between the 
standards or stancheons, and laid in white-lead paint, eo as to he waler<tight, ii fixed to the 
side standards witli .'springs. 

The space between the standards being twenty-four inches from centre to centre, it is 
proposed that light windows or patent gansB wire ahaU he planed in oraiy sllanate space, so 
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«i the paBsengera may have a view of the eo ni iti y without batog under the necessity of re- 
movin;*^ to thr' nut'^idF*. These windows and frames should be BMide 9B Jight M piWMlibk>, and 
ma«le to slide or told, a« may be considered most convenient 

The innde liau^ from die eeals up, ami betiraen die windowe, ehonU eoosift of o3- 
doth, 6xed and fioisbed with beads and feoinga. 

The fop or covfr of the cabins to consist of oil-cloth, wliirb must be perfectly water- 
tight, aud tued to the beaina, top gunwales, and ends ot the cabiu, with a moulding. It will 
be meamry to have a thiii riwet of fdate-inm lor the famiela, ao aa to iNwreot any danger 
from the heat of the stoves during the winter. 

The outside doors should consist oi red pine plank, one inch and a quarter thick, bound 
and pannelled. to be hung with neat light bats and bands, have good five-inch rimmed locks 
braw mounted, to open out in two halves, and to have small brass slip bolts at top and 
bottom* The doors in the divisions to have check locks, and hung with five-inch edge hinges. 

The inside doors abould consist of the best yellow pine plank, one and one-eighth inch 
thidi» and twenty-two inehea in breadth, and fiinobed with fteiogs. 

That the whole of the inside, previous to the joiner work beinie; commenced, should have 
two coats of good lead colour paint, and the whole of the imn-work on the outside, n't well 
aa tiie wood-work in the outside, and inside, should have tiiree coats oi pauit ol diii'erent 
calonnj and finiabed in a acdlieient and worfrmantika manner. 



APPENDIX B. 

Djfngmometer or Pirtmieter, invented and used by John MacneUl, Cimi Engineer, 

described in the foregmng page*. 

Mr> TBiiPOH)^ m hia ivpori to the ^Uamentaiy Comadaaionera of the Holyhead and 
Liverpool Roadi» apaakilly iA thb inatrmnent, states, I consider Mr. Macneill's invention 
for practical parpoaea on a laige aeale» one of the moit vahtaUe that haa been lately gif en 

to the public. 

Sir RiifRY Paknbll, wfaoae leal and praetical eiperienoe in al (hat regarda rooda 

are well known, has repeatedly examined, and personally attended to the trial of the instrument 
over a great extent and variety of roads, and has jcnveii hi** fnll approbation of its practical 
utility and public advantage, as will be seen by reference to ius forthcoming work on Roads. 

Ur. Babbaob, the Lacaaian profeaaor of natteaaalka In lio nai w r a i t y of Canhridge^ 
In his valuable and well known work on the Economy of Machinery and Manufactures, in 
ccnuidertog the injury which roada sustain from various causes, baa also noticed the utility of 
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Aecwnt of Four ExpmmaOM nuuk by Mr, K, Pahmr, CiviV Engineer, mh- 
nutud by km to the Inttih^on of ChU Enghuen in AptrU, 1833. 

EXPERIMENT I. 

Bmptj 1mi|^, wdglit 6| tom,— fiMlkm of die finee to die wliole elTaet ^ wind in ftvonr. 

Tractive force employwl. No. of Suke». Tim*. Tim* between the Suite*. \ elotity par ta«r 

in inilK*. 



72 ItM. 


1 


0-29- - 


. 29 


3104 


73 


3 


1-7 


28 


S'2U 


73 


3 


134 


27 


3'3S8 


72 


4 


2m 


211 


3-461 


72 




224 


24 


3750 


72 


a 




2K 


3-600 


73 


7 


313 


24 


3760 


72 


8 


339 


26 


3461 


72 


2 


1-9 


24 


• 3760 


72 


. 10 


4-28 


25 


3«eo 


72 


11 


454 


26 


3-600 


72 


12 


616 


22 


4«go 


72 


IS 


6-41 


26 


3-401 



EXPERIMENT O. 
Empty barii^. See. ea abov^— against wind 



Tractive foree <>niploj*«i. 


ho. of Stake*. 


Tim*. 


Time betwoen the Stakm. 


Velocity |Mr iioar 
inaiki. 


72 lbs. 


. 12 


0-33" 


. . 33^ . . 


2727 


72 


. 11 


1-2 


. . 39 . . 


3104 


72. . 


. 10 


129 


27 . , 


3 333 


72 


9 


156 


27 


3-333 


72 


. 8 


2-24 


28 


3214 


73 


7 


2«1 


. . 27 . . 




72 


6 


318 


37 


3-333 


72 


5 


346 


27 


3-333 


72 


4 


411 


26 


3461 


73 


3 


4-40 


. . 20 . . 


3104 


72 


2 


. 5-8 


. . 28 . . 


3-214 


72 


1 


5-37 


29 


3104 
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EXPERIMENT m. 

Load 21} tons, wtiirh added toC^tomtt tbe wdgbtof the barge gives 98 tioii«{ fractmn 

of force to whole effect y'^j. 





L H«i.orBMlM. 








SOSlba. 


1 


0^ . 


, 38' . 


2-395 


308 . 


2 


1-9 


. 25 


3-600 


908 . 


9 


1-96} . 


. 991 . 


9-899 


308 


4 


vm • 


29 


3-918 


308 . 


6 


212 


22i . 


4000 


308 . 


6 


234i . 


22i . 


4-000 


808 . 


7 


2-87i . 


, 931 . 


9*838 


30S . 


8 


3-21 


23^ . 


3 829 


308 


9 


3-44^ . 


23i 


3829 


308 


10 


4-9 


24^ . 


3€73 


906 


11 


4-93 


93 


3^18 


308 . 


. 12 


456 


St 


3750 


906 . 


, 19 


619 


93 


9«I8 



EXPERIMENT IV. 



Load as above 


; firaetkm «f f«ree to wimie « 








No.or8ttllM. 




Tina between the Stake*. 


Velocity per Imw 
in mite*. 


7711m. 


1 




. i-<r 


1-969 


77 


2 


1-54 


48 


1875 


7T 


3 




40 


22-22 


77 


4 


3 13 


38^ 
98 


2-337 


17 . . 


6 


3-49 


VSM 


77 


6 


. 42H 


36 


2-500 


77 


7 


51 


36 


2-500 


77 . . 


8 


5 37i 


36i 


2468 


77 . . 


9 


616 


. . 37i . 


9400 


77 


10 


6-49^ 


. . 97i . . 


2-400 


77 . . 


11 


7'90 


. . 97i . 


2-400 


77 . , 


19 


84 


98 


9-689 


77 . . 


13 


8-49 


96 


3iMI0 



o 



Digitized by Google 



60 



APFBNDIX D. 



APPENDIX D. 

Th« following, of wlucii an extract taken from the Courier of April the 29tb, fornui ft 
part, is commoiricftted liy r Mmi. 

CANAL NAVIGATION. 

"An experiment was made a few days ago on the Paddiogton Canal, for the purpose of 
ascertaining the practicability of movinpj a boat, with passengers. M (]<ur\ velocity. A 
boat constructed of catt iron, of the lightest and most favourable butld lor rapid passage, 
was used oo the oecarion. About tUrty-eigfat gentlemeD* many of them engineera, were 
pMMigan. It has been asserted, that at the velocity of seven or eight miles an hour, the 
surge or wave, commonly observed at three or four miles an hour, becomes hardly per- 
ceptible. Tiiis, iiuwever, was proved to be uol the fact by this experimetiL The boat was 
dnwn hf two horses, aad, wheo nmniBg at nioo miks and a half an hour, (the maxiinuni 
speed,) was followid by a wave of soinctimc!) seventeen inches, sometinies a foot, and, oir an 
average, nine inches, washing tlte bonks with great force, and very often completely covering 
the towing path, displacing the gravel just as the tide 00 a shore. The distance ran was 
three niOes. at the end of which the poor horses had not a dry hair left ; the result shows 
that nine miles an hour was too great a speed to attempt if the Iioraes or the canal baalLS are 
to be at all regarded.^ 

It may be, perhaps, easy to account for the observations wiA which it conelades, by 
stating, that many gentlemen, interested in railways, as proprietors or engineers, were of the 
party ; the fact, that the boat went for three miles at the rate of nine miles per hour, with 
thirty-eight passengers, is fully acknowledged by the per&uu who inserted the paragn^h; 
the teported disadivantages, as to the banks of the canni suflfering from dmt speed, an 
answered in page 33. We nin^ form some judgment of the accuracy of the reporter, from 
his statement, that the boat was constructed of cast iron ; and of the degree of his candour, 
from the eagerness with which he seizes the circumstance of the two almost untrained and 
eager hones being heated by the three miles journey, to infer the' incapacity of trained 
hoT.ses performing tlie required work ; when there cxistcJ indubitable testimony, of vfbich 
he could not be ignorant, as to what has been done, in the last year, on the Glasgow and 
Paisley Canal, viz. *'Thatthe enture nomber of horses kept in the year 1832, to work the 
improved boats one Auncfrtni tnd ^fifiy-two nUkt each daj, was twenty-eight, inclnding the 
spare ones and that fotnldishment gave a* power to carry upwards of one thousand pas- 
sengers per day, as is shown by the fact, that there were carried along the twelve miles of 
flue canal veaily iwo fAowontf^w haitdred pasaen^&n in two days, vis. 3Ist of Doeeadwr, 
1833, and 1st of Januiy, 1833. 

P.P. 
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APPENDIX E. 



The following is the resuH of the Rrperiment made on the Oxford Canal, com* 
mumcated by IK QMt, Esq., Juli/4, 1833, Barbif Fieldf. 



FIRST 


EXPERIMENT. 


SECOND 


E.XPERIMENT. 


Hour. 


Mm. 


See. 


.-•.•voij lU par furlong*. 


Hour. 


Min. 


Sm. 


S«con<U p«r forloug. 


Start 0 


2 


2.') 




Start 9 


28 


27 




2 


&5 


28 


f> 


29 


27 


40 


» 


3 


32 


37 


»> 


29 


46 


39 




4 


8 


36 


»> 


30 


26 


40 




4 


47 


37 


»» 


31 


4 


38 




5 


37 


40 


tt 


31 


46 


41 




6 


4 


27 


>» 


32 


24 


31 




6 


45 


41 




33 


4 


40 




7 


24 


39 




33 


46 


42 








_ 


» 


34 


27 


41 












35 


9 


42 




9 


22 






35 


60 


41 




10 






» 


36 


35 


4ft 


Min. Sec 

11 MUm in 7 36 


Min. Sf>e. 

li MilM in 8 8 



Min. Sec. 

Pint experiment 7 35 

Second eiparunciDt 8 8 

SlffiliMni .... 16 43 



Bcinal to 12 MiIm in 1 hoar, 2miniitei» and 62 lecondi. 
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HiefoUami^ extracisfnm t^ten recaUfy rec&oed thaw the prqgras thiU km hem 
wade m cemt^i^ paeeeugere in Gght hoaU on differeni eanale, . 

Lettr No. I. shows tlic increase of passengers on tlie Paisley '>'»'»f'' i" the first five 
roooths of the year 1833; in the last two months of that year, to wit, A^inl auU May last, an 
MUitUNMl trip to JolMiifaMM his been done, wbieh iaerDasee ihe ntmiber of nilei mn per day 
to 176. 

Letter No. II. shows the last accooots of the Luicaster Canal boats, which commenced to 
ply in April last. 

Letter No. III. gives the account of the progress of the qukk boats, wbidi ceanmnoed to 
ply on the Forth and Clyde Canal in April, 1833. In the year 1832, steam and horse power 
OB the old system were employed : the time taken to do about tweoty-five miles, including 
the passing of four locks and olcTen cbawbridges, was, by steam four hours, and by boriee 
five hours and a half; the time is now reduced to about three hours and • qoarter. At the 
end of 1832, the canal companies between EdinbiFr^rh u tl Glasgow threw njten to the public 
lite passenger trade during the uight, and there are now three boats which pass each way, 
cwrylng gooda and paiMngen ran by tbe oonpaniea, trading between tboie towm. 

The number of opportunities on the Forth and Clyde Canal was, in 1832, three each way 
per day. In 1833, the opportunities are six, to wit, three during the day given by the com- 
pany, and three during the night run by the traders ; but it wiU be seen, from the return, 
that tbe three new opportunities daring the nigbt bave noChort the canal companies' daf paa* 
sage-boat revenue, which has increased twenty-five per cent, in the year 1S33. The terms 
on which the night passage^boats are run, are ooe-fourth of the gross fares between Edin- 
bni^ and Glnagow to eneb of the two Canal Companies, tbe tnafara nialuiig a half to them- 
aelvea. The chai^ nre* five shillings and three and aizpenoo Cmt tbe entire diataaco of SHy- 
aovea nilea, nnd proportioBntaly for intermediato "^irtfiiwtip 

LETTER L 

Dbaii Sir, 

I have yours of yesterday's date, enquiring the number of passengers by our 
boats for tbe last five months, &c. &c.; in answer, we bad iu January 12,126 

Febraaiy 14,350 
March 17,438 
April 21,607 
May SS4N» 



91^ 
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The only stoppage we luid last winter was in January for four days, from 33rd to Sttk 
indusive, and b«fore giviog it op the ice was ia general on* iiwh and ft Iwlf to twv inciiM 
tinA, ind many laisa fiifleea dmibla tint UudmeM, from one being dwvad on the top of 
•Bother, and frozen together. 

We find no difSculty in going through new formed ice of one inch thickness. 

Thomas UraAam, Esq. 

LETTER n. 

LamatUr, SSMk Jwu, 1833. 

Deak Siu, 

Ln reply to your favour of the 9Tth, I tieg to otaite timt our owift boat leavet 

Preston every Mornini;, except Tuesday, at half-after nine, and will continue to do so until 
Tuesday, 9tlt July, on which day« and afterwards, she will leave Preston at half-after one 
o'clock. 

Onr boat ha* been goin^ on uncommonly weU in every respect, the number tA paMongen 
steadily improvinj;. On tlie 9tli July, flif fmat will sail from Kenda! \n Preston, and back to 
Kendal, daily, and coaches from Manchester and Liverpool will meet the boat at Preston. 
Tbo dittanoe to perform daHy will bo one hundred and fonrteen mifoe. (indoding eight 
loda and a tonnel.) whicb we propoae to do in aeven lionn each way of Gl^-oeven milea. 

Thomaa Graiem, Etq. 

LETTER HI. 

Ctmal C!ffh0t Gkugow, 29#A Jwu, t83S. 

Dbar Sir, 

The passengers are increasing to and from every direction, which you wiU see 
from tin fidlowing note of the coHectiona fiv the hit five days, as compared wUb the same 
dagrs of last year. 





1832. 








Monday . 


£18 15 


U 


. jCSO 17 


1 


Tiimdny 


. . 83 16 


0 


. . 96 6 


1 


Wednesday 


. 17 13 


0 . 


, . 33 2 


7 


Thursday 


. . 18 14 


0 , 


. . 24 15 


0 


Friday . 


. 22 a 


0 , 


. 28 16 


4 




£101 3 


0 


£143 17 


1 








101 3 


0 








42 14 


I 




Off paid by night boats 


• • 


. 17 13 


1 


Increase of day boats in five days 




. £35 1 


0 



r 
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The Union Canal Company have now got the other boat, and we shall have two convey* 
•neei eidi day to md from Edinbwgli, whieb will iocrea«e the paasengers stiU more. The 

conveyance to Edinburgh is not yet advertised, but will he so on Monday. Tlic Stirling 
coach to the Canal is doing remarkably well and will increase- I hope that the coach run 
between Stilling end Glasgow wiD agon give up. The fnree have bMa reduced by the pro- 
prietors, bat I bear, without any ittcreeee «f the passengers. This cannot continue long. 
I am turning my attention to have a oouyeyonce firon Alloa to Domfermline : tfais I hope to 
accomplii^h next week. 

Thomas UraAam, Esq. 
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Made 



No. or Wcitbt «l 
Bxpcrf bnat and 
mcou. I car^o. 



NOTE OF A SERIES OF EXPERIMENTS, 

the Forth and Clydi Cunai, KilJi Mr. Grakamet Twin Bttat, Swift, on Friday, the »<A dJ Jaly, 1H30. 

TIME. I mcliuo wMthor 



l>faii|;lil u< walrr, Nn. or 



Sj 
f2, 



1 
2 




1 


lb,. 

14 




•SltTIl, 
It*} 


Mini. 




w 






» 


>» 


3 




w 


» 






J» 


4 


n 


n 


•> 






»l 


5 
6 

7 


n 


»» 

)i 


»» 

9) 


" 

15i 

IG 


16 


f» 

16 
16 


8 
9 
10 
11 


>t 
»» 


*> 
»» 


» 


141 


15i 


»> 

15 


n 


•> 


»» 






'- 


n 


» 


» 




» 




IS 


M 
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14 


61 S 
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7 


9 


8 
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Mia. f 8rc. 

14 28 



14 

9 
9 
8 
7 
7 
6 
7 
7 
7 
7 



15 
45 
35 

It 

50 
29 
28 
22 
35 I 
6 I 
17 ' 



16 



4.14 
4:21 
6.15 
6.26 
7.50 
7.65 
8.01 
9J27 
hi. 14 
7.91 
8.45 
Hw23 



54.40 
34.00 
128.70 
93.80 
207.50 
202-35 
264iM) 
272J20 
•Jti(i.,)0 
243.20 
328.00 
29»j00 
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12.32 410 lb». 



1406 352* 6 



i »f » t» 



REMARKS. 



A^ainat ibe wind, 11(111 brrnu. 
Willi tite wio ^ 

.«< w l a i i m to ifca Wa «■ aaii illi «< ita aMi. 

Ajcalna ll» wlad, with a ali{hl 
Wiik Iba wind, tarjc Ihc Mine. 
.Viiainii i.-jr wiad, (b« Hue* a linlaii 
VV jlIi iilk wiitd«aarg« mow. 
No tcnalbic iMtnact In aufc. 
Wiml acwirMMM-mil Ifc* 
Ralher naac nigt it «nni. 

<> M M I* M 

Sargc 



In tbit rxparimant tbe aorf c waj (rcalljr diminlalicd 
-I rii)viio( w*«< aul/ acta at ibc Mem, aait 
nt Ibt laaMMil* IB ItaM •( Ik* ' 



• Ik* mcTxar; aMcd tLi«<l is tbb cxpcrimrat ai 410 Iba, 



NOTE OF EXPERIMENTS, 

3fade wilA the Tvin Boat en tte Monkiand Caiml, on the liih o/Juli/, lS3o. 



No. ur 



Wri(hlo< 
Bapcrij b<xat aad 
rarju. 



kwt. qr^. Jbt. 

.108 2 24 



1) 

It » 



[ 10 j &7 



Draogbl cf wairr, 


No. 
of 
buraci. 


Uil«a 
1 im 
caaal. 


TIME. 


Miln per 
hoar. 


Pocrr of li»c- 
llon. 


Avrr»t» 

wiillh uf 
caaaU 


tle|ilb of 
canal. 


Bow. 8l*ra. 


Htan. 




i 




Win. 


See, 




Iba. 


' Kl. 


In 






l4 16 


15i 


3 
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4Ji6 


72.0 


40 
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n 1? 


9> 
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• 
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4M 


»2.0 
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It 




»i >• 


•> 


3 


■ 
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2S 


6.S9 


191.3 
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>» 




»• !• 




3 
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2« 


fi.lG 


219.3 
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>» »» 
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II 


tiJi7 


389.0 
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57 


7.G9 


3G8.I 
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21 


11.11 


4200 
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» M 


If 
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14 


12.16 


446.9 


ft 


M 






M »» 
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1 


"I 


12.50 


439^ 


Sf 


n 








( MM*- 


a 




I 


9 


13.04 1 
... 1 


:ino.() 







REMARXS. 



.Willi lb»«M,ui4 M ■Wf*' 

Acaiiut Cbc win I n.. iur;,T. 
Wlih tb* visd, a tlitbt urxt. 
Rjitbcr awn wild a^aii.wllkaiagbl 

Wub Iba wimt, tamt twIL 
Atainat Ibr wIihI, a iwcll infraat 

utrrr the knvkt ul itia caual. 
Wiib <b« Kiad, aa aarc*. 

.St 




|Ka «M>«al m im|». 

•MU, mo mtn: « ant «rtt* cam 



JAN 1 C W/:' 



Digrtized by Google 



lX>NDON: 

ttOAKE AKD VARTY. PRIXTERS, 3lj STRAMI. 



Digitizeo by google 



Digitized by Google 



lVtcliiin«vion (Vtnal. 

Mrr^dUh ■r^ in/ 






i^yuu.ud by Google 



Digitized by Google 



rLATE m. 




I 



i 



Digrtized by Google 




Digitized by Google 



Digitized'by Google 





Digitized by Google 



OiM* Sutmi tit'tii*r iJMn. 




Digitized by Google 



Digitized by Google 



1 



